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Per the request received from DEQ by letter dated May 16, 2016 for the Atlantic Coast Pipeline (ACP)
Project, DETI has agreed to incorporate the following more stringent conditions into the planning and
implementation phases of Erosion and Sediment Control (ESC) and Stormwater Management (SWM) for
ACP:

1. In addition to DETI’s internal review process, individual project specific plans will be submitted to DEQ
for review and approval. Any additional ESC or SWM project specific planning activities that occur after
October 19, 2018 shall be done pursuant to Va. Code for Annual Standards and Specifications (AS&S) §
62.1 44.15:31 and § 62.1 44.15:55D

2. Given the nature of critical infrastructure, the project specific Erosion and Sediment Control and
Stormwater Management plans and DEQ approval will be made available to DEQ and may be made
available to others as agreed upon in a memorandum to be negotiated between DETI and DEQ.

3. Inspection reports conducted by DETI as well as complaint logs and complaint responses will be
submitted to DEQ .

4. DETI will provide for payment to DEQ of reasonable costs incurred by DEQ to hire additional technical
expertise to assist DEQ in plan review and compliance activities for the ACP project, as articulated in the
MOA current being negotiated with DEQ for the Atlantic Coast Pipeline project.

Contents:

Virginia ACP Stormwater Quantity Compliance Methodology (White Paper) Page 1
White Paper WBET Addendum Page 317
White Paper Water Quality Addendum Page 346
LULC and Field Change Clarification Page 366



VIRGINIA ACP STORMWATER QUANTITY COMPLIANCE METHODOLOGY
(WHITE PAPER)



Memorandum 
 

To: Ben Leach – DEQ 

Cc: Robert Hare – DETI 

From: Alla Flaksman – ERM, Stephen Lindsay – ERM, Doug Beisch – 
Stantec, Glenn Muckley – Stantec 

Date: February 16, 2018 

Subject: Virginia ACP Stormwater Quantity Compliance Methodology 

EXECUTIVE SUMMARY 

The following is intended to provide background clarity as to the 
stormwater management compliance strategy for the Atlantic Coast 
Pipeline (ACP) project and serve as documentation and explanatory 
information to the Virginia Department of Environmental Quality (DEQ) 
Water Program's Office of Stormwater Management to demonstrate the 
compliance approach for the Virginia Stormwater Management Program 
(VSMP) Part IIB Technical Criteria, specifically with 9VAC25-870-66 for 
water quantity for the project. The methodology herein has been 
developed with consideration for the “2017 Annual Standards and 
Specifications for Erosion and Sediment Control and Stormwater 
Management for Construction and Maintenance of Gas Transmission 
Facility Projects in Virginia” for Dominion Energy Transmission, Inc. 
(DETI), approved July 5, 2017 (DETI AS&S). It is understood that the 
methodology defined herein shall be appended to the approved DETI 
AS&S as a special project and utilized to provide additional clarity for the 
ACP project beyond that which the AS&S provides. This document is 
generally referred to as the “White Paper” below and in various project 
support documents. 

This White Paper defines a stepwise process for evaluation, calculation, 
and documentation of water quantity compliance for the ACP, and the 
below provides additional detail on process refinement for pipeline and 
access road areas. 

As noted under this White Paper, the stormwater management approach 
centers on maintaining existing sheet flow patterns and converting 
existing shallow concentrated flows intercepted by the ROW to sheet flow, 
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where practicable. As such, access road compliance with 9VAC25-870-66 
is sought primarily through 9VAC25-870-66.D, through an Environmental 
Site Design (ESD) approach whereby measures (waterbars, flow diffusers, 
gravel diaphragms, ditches, check dams, etc) are integrated within the 
right of way (ROW) / roadway construction footprint, where feasible, and 
restoration practices are employed which minimize changes to runoff 
parameters. Documentation provided for sheet flow will demonstrate, if 
practices are installed and maintained properly, that A) areas will leave 
the practices / ROW in sheet flow, and B) that increased volumes of sheet 
flow in aggregate from these practices have been evaluated for “impacts 
on down-gradient properties or resources” and are not anticipated to” 
cause or contribute to erosion, sedimentation, or flooding of down 
gradient properties or resources”. Where not feasible to maintain sheet 
flow per the above, concentrated flow outfalls are addressed through 
satisfaction of 9VAC25-870-66.B and 9VAC25-870-66.C for channel 
protection and flood protection, respectively. 
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1.0 INTRODUCTION 

The Atlantic Coast Pipeline (ACP) project consists of approximately 600 
miles of interstate natural gas transmission pipeline and associated 
laterals in West Virginia, Virginia, and North Carolina.  Approximately 
307 miles of transmission pipeline and over 100 miles of permanent access 
roads are located in Virginia.  A 50-foot wide permanent right-of-way 
(ROW) will be maintained along the pipeline and a 30-foot wide 
permanent ROW will be maintained for permanent access roads. 

The purpose of this memorandum is to discuss the approach and 
compliance methodology for the pipeline ROW and permanent access 
roads for complying with Virginia’s water quantity criteria set forth in 
9VAC 25-870-66. 

The general overview of the process to achieve water quantity compliance 
is illustrated using a flow chart presented in Attachment 1 and discussed 
in the following sections. 

2.0 WATER QUANTITY FOR PIPELINE RIGHT-OF-WAY  

Compliance with the requirements at 9 VAC 25-870-66 for the pipeline 
ROW and access roads will primarily be achieved by demonstrating that 
runoff leaves the permanent maintained ROW as sheet flow.  Specifically, 
the mechanism through which compliance is achieved will be 9 VAC 25-
870-66.D.  The methodology involves the following steps. 

1. Delineate the drainage area to each permanent waterbar and culvert, 
perform hydrologic computations, and size required end treatments to 
demonstrate that project runoff will leave the permanent maintained 
ROW as sheet flow at that location. To ensure sheet flow, all waterbars 
and cross-culverts (those not conveying jurisdictional waters) will be 
implemented with an end treatment. Specific end treatment sizing and 
type is dependent on hydraulic loading.  See Section 6 below for 
additional detail. 

2. Assess the potential for sheet flow to re-concentrate downgradient of 
the permanent maintained ROW.  If it appears sheet flow re-concentration 
might occur within 100 feet of the permanent maintained ROW, provide 
additional intermediate points of analysis to assess the potential for 
increased volumes of sheet flow and impacts on downgradient properties 
or resources. If no re-concentration occurs within the 100-foot buffer, 
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provide a point of analysis were re-concentration occurs at properties 
downstream. 

The evaluation to be performed is discussed in more detail in the 
following sections. 

2.1 Permanent Waterbar Sheet Flow Computations 

Permanent waterbars are required to be installed along the pipeline ROW 
in accordance with the FERC Upland Erosion Control, Revegetation, and 
Maintenance Plan (FERC Plan) to slow runoff velocity, direct water off the 
ROW and prevent sediment deposition into sensitive resources.  
Specifically, permanent waterbars will be installed upgradient of all 
wetland, waterbody and road crossings (which allows us to isolate project 
drainage contributions from cross-drainage needed to convey larger 
streams).  At other locations along the ROW and access roads, spacing for 
permanent waterbars will generally follow the table below. 

Recommended Spacing for Permanent Waterbars (FERC Plan V.B.2) 

Trench Slope (%) Spacing (feet) 

5 to 15 300 

> 15 to 30 200 

> 30 100 

It is noted that there are over 6,500 permanent waterbars along the 
pipeline ROW in Virginia. 

While this memorandum focuses on permanent waterbars, it should be 
noted that temporary waterbars will be used during active construction to 
manage runoff on the temporary and permanent ROW.  The transition 
from temporary to permanent waterbars is discussed in the VA ACP 
Stormwater Pollution Prevention Plan (SWPPP) and in the construction 
sequence in the Erosion and Sediment Control Plan Notes sheets.  
Additionally, maintenance requirements for permanent waterbars and 
related stormwater best management practices (BMPs) to remain in place 
once construction is complete and the pipeline is operational are 
addressed in the VA ACP SWPPP, Section 8.6. Additional waterbar and 
culvert end treatment maintenance information is provided in the 
construction plans. 

Hydrologic computations will be performed at each permanent waterbar 
and cross-culvert to demonstrate that runoff will leave the permanent 
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maintained ROW or access road as sheet flow.  The specific methodology 
to be applied is described below. 

1. The drainage area to each permanent waterbar or culvert will be 
delineated. 

2. The SCS Runoff Curve Number Method will be used to compute the 
peak runoff rate for storm events (1, 2 and 10-year events).  Industry 
standard software programs and equations, such as HydroCAD, HEC-
HMS or similar, will be used to perform hydrologic computations in 
accordance with Natural Resources Conservation Service (NRCS) 
Technical Release 55 (TR-55) methodology.  The time of concentration for 
each catchment will be computed primarily using the watershed lag 
method described in Chapter 15 of the Engineering Handbook, Part 630 
Hydrology.  Where the watershed lag method is not appropriate (curve 
numbers <50 or >95), the TR-55 flow path segment or similar industry 
accepted methods may be used as well.  Alternatively, a conservative time 
of concentration of 5 minutes may be utilized. 

3. At the terminus of the permanent waterbar or cross-culvert, an end 
treatment element will be added to transition discharges captured at the 
waterbar or cross-culvert to a sheet flow condition.  The standards and 
specifications for end treatments are provided on the construction plans 
and have been adapted from other design references. End treatments shall 
refer to those features defined under Section 6 of this document, and 
consist of Standard Stone Aprons (SSA) and Flow Diffusers. See 
Attachment 4 for additional information regarding SSA, and See 
Attachments 4 and 5 for design and additional references for Flow 
Diffuser standards and specifications basis of design.  For the purposes of 
this project, a flow diffuser is defined as a permanent non-erosive outlet 
for concentrated runoff constructed to diffuse flow uniformly through a 
stone matrix onto a stabilized area in the form of shallow, low velocity, 
sheet flow. 

For examples of a waterbar calculation see Figure 7.7.  Per Section 6.1.2 
and relevant references, the slope of the receiving area downgradient of 
the flow diffuser should not exceed 30 percent.  Exceedances of the 
recommended slope limit are likely to occur in some locations in the 
western part of the commonwealth.  Where the slope of the downgradient 
receiving area exceeds 30 percent, the allowable discharge rate per foot of 
flow diffuser will be reduced by 50 percent to 0.125 cubic feet per second 
(cfs) per foot.  Per FERC requirements in areas with slopes greater than 30 
percent, reduced permanent waterbar spacing of no more than 100 feet is 
used, as compared with permanent waterbar spacing of 200 feet in project 
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areas where the slope is less than 30 percent.  Given that FERC has 
determined that permanent waterbar spacing of 100 feet (as opposed to 
200 feet) is appropriate for these steep slope areas, the consultant team 
similarly elected to reduce the allowable hydraulic loading to the flow 
diffusers to half of the amount normally allowed (i.e., reduction from 
0.250 cfs per foot to 0.125 cfs per foot).  It should also be noted that, where 
the pipeline ROW slope exceeds 30 percent, best in class (BIC) steep slope 
incremental controls will be utilized which will provide further 
protection.  An example of BIC incremental controls that could be applied 
includes further reduction of the permanent waterbar spacing to less than 
100 feet. 

The following section presents the methodology for assessing impacts to 
downgradient property and resources due to potential increases in the 
volume of sheet flow, as required by 9 VAC 25-870-66.D. 

2.2 Downgradient Channel Adequacy Evaluation 

At this stage of the pipeline ROW analysis it has been demonstrated that 
runoff leaving the permanent maintained ROW is in a sheet flow 
condition (i.e., non-erosive velocity and flow depth less than 0.1 feet).  To 
achieve compliance with 9 VAC 25-870-66.D it is necessary to demonstrate 
that increased volumes of sheet flow are not expected to adversely impact 
downgradient property or resources.  The analysis includes an evaluation 
of the anticipated channel velocities in the receiving drainage feature, and 
an assessment (where manmade channels are present or other 
improvements adjacent to natural channels, such as structures or land 
uses, which may be subject to localized flooding) of whether localized 
flooding is anticipated to occur.  The first check on the receiving channels 
is performed by assessing the potential for the sheet flow leaving the 
permanent maintained ROW to re-concentrate within 100 feet of the 
permanent maintained ROW.  Sheet flow will be assumed to have the 
potential to re-concentrate if a drainage feature, identified through 
inspection of the topographic data, or delineated waterbody is 
encountered.  A point of analysis will be established at the point of flow 
re-concentration and the pre- and post-construction hydrologic conditions 
evaluated.  The specific methodology to be applied is described below. 

1. Firstly, the designer reviews available topographic mapping, land use 
mapping, flood mapping, and aerial mapping resources to identify if there 
are manmade receiving channels or manmade improvements (e.g. yards, 
agricultural fields, structures, roads, trails, etc.) within the potential flood-
prone area of natural channels in the immediate vicinity which may 
experience localized flooding.   Localized flooding is flooding which is 
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likely to cause property damage or unsafe conditions. If localized flooding 
is of any concern based on the review, flow depths are calculated for the 
10-year event in manmade channels and natural channels.  Both 2-year 
velocity and 10-year flow depth (where necessary) comparisons are 
performed via a single section analysis using best available topography at 
a downstream point of aggregated sheet flow defined under the analysis. 
See Attachment 1 – Water Quantity Compliance Flow Chart for additional 
information. If 10-year flow depths are not expected to be contained 
(without attenuation) within the stormwater conveyance system (i.e. 
localized flooding is expected to occur), volume mitigation is provided for 
the 10-year storm to reduce post-development discharges to pre-
development, as necessary.  Volume mitigation (as discussed in Section 6) 
is provided though storage in drainage features such as flow diffusers, 
gravel diaphragms, check dams, and waterbar storage.   

2. Once the area has been screened for localized flooding, those drainage 
areas with increased sheet flow volumes must be evaluated to determine 
if receiving channels are adversely impacted.  Where there is a low 
probability for the sheet flow leaving the permanent maintained ROW to 
re-concentrate downgradient of the ROW (re-concentration is of concern if 
it occurs within 100 feet of the permanent ROW) it is then necessary to 
evaluate whether increased volumes of sheet flow will have an impact on 
downgradient property or resources. If volumes of sheet flow from the 
drainage area in question have increased, then a representative point of 
analysis is provided in the receiving channel.  Points of analysis are 
selected where incremental sheet flow releases are aggregated in the 
receiving channel.   If post-development (2-year) channel velocities are 
expected to increase (without accounting for runoff storage mitigation 
practices) then the ability to offset the increase in volume, for example by 
accounting for storage behind the upgradient permanent waterbar/flow 
diffuser, will be evaluated.  Upon demonstrating that any increase in the 
volume of sheet flow is mitigated by storage in these practices, the team 
has provided assurance that flows have been mitigated such that there is 
no anticipated impact on downgradient property or resources and 
compliance with the requirements at 9 VAC 25-870-66.D is achieved for 
that drainage area.   

3. If a drainage feature exists within 100 feet of the 50-foot wide 
maintained permanent ROW there is assumed to be potential for the sheet 
flow to re-concentrate and possibly impact downgradient property or 
resources.  An additional point of analysis will be established at the point 
of flow re-concentration and the pre- and post-construction hydrologic 
conditions will be evaluated.   
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If the post-construction velocity is less than or equal to the pre-
construction velocity at the additional point of analysis, there is no 
anticipated impact on downgradient property or resources and 
compliance with the requirements at 9 VAC 25-870-66 D is achieved for 
that drainage area.  Velocities will be calculated using 2 significant figures.  
If post-development (2-year) channel velocities are expected to increase 
(without accounting for runoff storage mitigation practices) then the 
ability to offset the increase in volume, for example by accounting for 
storage behind the upgradient permanent waterbar/flow diffuser, will be 
evaluated.  Upon demonstrating that any increase in the volume of sheet 
flow is mitigated by storage in these practices, the team has provided 
assurance that flows have been mitigated such that there is no anticipated 
impact on downgradient property or resources and compliance with the 
requirements at 9 VAC 25-870-66.D is achieved for that drainage area.   

4. If volume mitigation is not sufficient to demonstrate that localized 
flooding and impacts to receiving channels are appropriately mitigated, or 
in instances where project drainage cannot be dispersed as sheet flow, the 
designer must then default to the energy balance method and size controls 
(utilizing the appropriate improvements factor) to achieve the point of 
discharge standard for the concentrated discharge location. 

As 9VAC25-870-66.D does not define quantifiable metrics for evaluation 
of sheet flow by design storm event or a threshold for margin of 
calculation error, but clearly does anticipate “increased” volumes of sheet 
flow.  If localized flooding is not of concern, the general compliance 
approach is to mimic pre-development velocities (within the computed 
accuracy of 2 significant figures) or to provide volumetric mitigation of 
increases in sheet flow.  

For the pipeline ROW itself, in the absence of access roads (or other new 
impervious cover) the team anticipates that the restoration plan 
(restoration of the disturbed ROW area back to a “forest/open space” 
condition) will achieve most of the runoff management compliance 
objectives.   As discussed in Section 2.2.3 of the approved Dominion 
Energy Transmission, Inc. (DETI) 2017 Standards and Specifications 
wherein it is stated that for portions of pipeline that traverse prior 
developed lands, DETI does not expect to provide improvements to 
existing runoff conditions if pre-development conditions are restored. 
Where increased volumes of sheet flow are expected from the pipeline 
ROW, the compliance approach will be the same as that outlined above, 
with the goal of maintaining sheet flow and volumetric mitigation for 
increases.   
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Mitigation options are addressed in Section 6 and include, but are not 
limited to, reconfiguring permanent waterbars and/or implementation of 
best management practices (BMPs) to restore the pre-construction flow 
conditions at the point of analysis. If standard sizing for flow dissipation 
measures is not sufficient to demonstrate there is no localized flooding for 
10-year, 24-hour depth and the channel velocities for 2-year events are 
mitigated, as necessary, designers will evaluate the potential to add 
additional practices or increase the size of practices to offset the increase 
in the volume of sheet flow by accounting for storage behind the 
upgradient permanent waterbar / flow diffuser elements.  Upon 
demonstrating that any increase in the volume of sheet flow is mitigated, 
the team has provided reasonable assurance that there is no impact on 
downgradient property or resources and compliance with the 
requirements at 9 VAC 25-870-66.D is achieved for that drainage area. 

3.0 WATER QUANTITY FOR ACCESS ROADS 

Compliance with the requirements at 9 VAC 25-870-66 for access roads 
will be achieved by demonstrating that runoff leaves the access road ROW 
as sheet flow where possible (i.e., 9 VAC 25-870-66 D) in the same manner 
as the ROW.  Where it is not feasible to achieve sheet flow leaving the 
access road ROW, compliance will be achieved using the Energy Balance 
method (i.e., 9 VAC 25-870-66 B.3). 

A discussion of the types of access roads utilized for the ACP project as 
well as the information to be provided documenting existing and 
proposed access road conditions is presented in Section 3.1.  The 
methodology for achieving compliance with the water quantity 
requirements is presented in Sections 3.2 through 3.5. 

The water quantity analysis will be performed for only those access roads 
where there is potential for a material change to the existing stormwater 
runoff characteristics.  The identification of these roads is presented in 
Section 3.1. 

3.1 Access Road Engineering Details 

In accordance with the approved DETI 2017 Standards and Specifications 
Appendix B, access roads will be grouped into four categories based on 
the extent of improvements required to prepare the road for use to 
support the project.  Depending on the improvements, the impact on 
stormwater runoff characteristics will range from no expected impact to a 
material impact.  Specifically, the four categories are defined below; all 
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access roads, or access road segments, will be assigned a category that is 
depicted on the corresponding alignment sheet and access road plans. 

1. Existing road with no improvements proposed – includes those existing 
roads that are in a condition such that no improvements are needed to 
prepare the road for use to support the project (e.g., asphalt surfaced 
roads). 

2. Existing road with minor improvements proposed – includes those 
existing roads that contain either a compacted earth or gravel surface and 
the current road configuration (i.e., width, grade, etc.) is adequate to 
support the project.  Roads in this category may receive supplemental 
gravel to improve the surface condition; however, the footprint of the road 
would not be expanded (i.e., no additional impervious surface is 
proposed). 

3. Existing road with major improvements proposed – includes those 
existing roads that will receive an expanded footprint (i.e., the impervious 
surface post-construction may exceed that existing pre-construction) in 
order to prepare the road for use to support the project. 

4. New road – includes roads not located within the limits of an existing 
road. 

No post-construction stormwater management criteria will apply to access 
roads in categories 1 and 2 because the roads are existing and there is no 
additional impervious surface proposed.  Access roads in categories 3 and 
4 involve improvements that could potentially result in a material change 
to the existing stormwater runoff characteristics as a result of the addition 
of impervious surface, and therefore are the subject of the access road 
water quantity analysis. However, note that most of the proposed roads 
are within existing dirt / gravel road footprints. As such, the new versus 
existing road designation noted herein relates specifically to the nature of 
impervious cover change. To remain conservative the consultant team 
deemed many roads new for purposes of stormwater evaluation even 
though some existing gravel may exist within the footprint. Further, the 
area outside of the proposed impervious access roads (i.e. the shoulder on 
both sides of roadway) is utilized with a consistent pre-development land 
cover for the purpose of pre- to post-development comparison. This is a 
conservative approach given the siting of proposed roads along existing 
road traces (whereas most of the roads are deemed new for purposes of 
stormwater compliance) and conservative assumptions for the addition of 
impervious cover, and the nature of the proposed post- stabilization 
approach to establish scrub-shrub conditions for vegetated areas outside 
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of the impervious width (scrub-shrub curve numbers for these residual 
areas, if used, would be lower than reversion to pre-development land 
cover). Additional documentation may be provided upon field 
construction mobilization as to the extent of existing gravel limits, if 
necessary, should additional analysis and/or plan modification be 
required to address field constraints. 

Engineering details will be provided for all permanent access roads, 
including plan, profile and typical cross-sections depicting the existing 
and proposed improvements, approximate limits of cut and fill and 
existing or proposed drainage elements.  Engineering details for access 
roads are depicted on plans associated with the project.  For existing 
permanent access roads, documentation describing the basis for any 
assumptions as to the extent of existing impervious surfaces will be 
provided.  Documentation that will be evaluated includes the Virginia 
Geographic Information Network (VGIN) land cover data, aerial 
photography, field reconnaissance notes and site-specific photographs, 
where available.  For examples of how existing access road conditions 
forming the basis of the water quantity analysis are documented refer to 
Section 7.  

3.2 Scenario 1 – Ridgetop Conditions 

Segments of access roads located along ridgetops have a small drainage 
area contributing to the downgradient edge of the access road ROW (an 
example access road ridgetop scenario is presented in the figure below).  
At these locations runoff will leave the access road ROW as sheet flow 
since the length of the contributing drainage area will be significantly less 
than 100 feet, the generally accepted minimum flow path length at which 
point sheet flow becomes shallow concentrated or channel flow.  
However, there is likely to be a small increase in runoff volume due to the 
increase in impervious area.  An analysis similar to that described in 
Section 2.2 will be performed to demonstrate there is no impact on 
downgradient property or resources.  Options for mitigating an increase 
in runoff volume include installing a gravel diaphragm or flow diffuser at 
the downgradient edge of the access road ROW and accounting for 
storage within or behind the element.  Other options that may be 
considered include minimizing the width of the impervious surface or 
rehabilitation of the access road by infilling the voids in the access road 
stone with soil to achieve an effective curve number that is lower than that 
for gravel alone. 

Upon demonstrating that any increase in the volume of sheet flow is 
mitigated, there is assumed to be no impact on downgradient property or 
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resources and compliance with the requirements at 9VAC 25-870-66 D is 
achieved for that drainage area. 

Access Road along Ridgetop 

 

3.3 Scenario 2 – Segments with Waterbars 

Access road waterbars are used where an access road is ascending or 
descending a slope generally perpendicular to the topographic contours 
such that there is very little to no off-site runoff contribution (see example 
location in the figure below).  At these locations, an analysis similar to that 
described in Sections 2.1 and 2.2 will be performed for each waterbar to 
demonstrate that:  1) runoff leaves the access road ROW as sheet flow and 
2) any increase in runoff volume as a result of new impervious area 
and/or change in pre-construction hydrologic conditions will be 
mitigated through runoff volume reduction strategies.  Options for 
mitigating an increase in runoff volume include accounting for storage 
behind the upgradient permanent waterbar/flow diffuser elements and 
accounting for storage within roadside ditches.  In some instances, other 
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options that may be considered include minimizing the width of the 
impervious surface or rehabilitation of the access road by infilling the 
voids in the access road stone with soil to achieve an effective curve 
number that is lower than that for gravel alone. 

Upon demonstrating that any increase in the volume of sheet flow is 
mitigated, there is assumed to be no impact on downgradient property or 
resources and compliance with the requirements at 9 VAC 25-870-66 D is 
achieved for that drainage area. 

Access Road Waterbars 

 

3.4 Scenario 3 – Conversion to Sheet Flow Conditions 

Access roads that exist in locations where the surface topography is at an 
angle to the road will generally be constructed with a roadside ditch and 
periodic ditch relief culverts.  Where feasible (i.e., generally at locations 
with relatively small contributing watersheds upgradient of the access 
road ROW), the concentrated flow discharging from the ditch and culvert 
system will be converted to sheet flow using standard stone aprons and 
flow diffuser elements prior to leaving the access road ROW.  An analysis 
similar to that described in Section 2.1 will be performed to demonstrate 
that the runoff leaves the access road ROW as sheet flow.  The increase in 
runoff volume will be assessed in accordance with the methodology 
identified in Section 2.2 to demonstrate there is no impact on 
downgradient property or resources.  Options for mitigating an increase 
in runoff volume include accounting for storage within the roadside ditch 
and behind the flow diffuser at the base of the fill slope.  Other options 
that may be considered include minimizing the width of the impervious 
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surface or removal and rehabilitation/restoration of the access roads to 
reduce runoff.    

Upon demonstrating that any increase in the volume of sheet flow is 
mitigated, there is assumed to be no impact on downgradient property or 
resources and compliance with the requirements at 9 VAC 25-870-66 D is 
achieved for that drainage area. 

3.5 Scenario 4 – Segments with Roadside Ditch and Culvert 

Where it is not feasible to achieve sheet flow leaving the access road ROW, 
compliance will be achieved using the Energy Balance method (i.e., 9 VAC 
25-870-66 B.3).  Software programs, such as HydroCAD, HEC-HMS or 
similar, will be used to perform hydrologic computations in accordance 
with NRCS TR-55 methodology using the 1-year, 24-hour storm event. 

The Energy Balance method equations, as presented in 9 VAC 25-870-66 
B.3.a are provided below. 

Equation 1   

Equation 2  

Where: QDeveloped = The allowable peak flow rate of runoff from the 
developed site 

IF = Improvement Factor (0.8 for sites > 1 acre, 0.9 for sites 
1 acre) 

RVDeveloped = The volume of runoff from the site in the 
developed condition 

QPre-Developed = The peak flow rate of runoff from the site in 
the pre-developed condition 

RVPre-Developed = The volume of runoff from the site in the 
pre-developed condition 

QDeveloped need never be less than the following: 

Equation 3  
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Where: QForest = The peak flow rate of runoff from the site in a 
forested condition 

RVForest = The volume of runoff from the site in a forested 
condition 

RVDeveloped = The volume of runoff from the site in the 
developed condition 

Where the Energy Balance is applied stormwater BMPs will be required to 
reduce the runoff peak flow rate and volume.  Options for complying with 
the Energy Balance include accounting for storage within the roadside 
ditch; rehabilitation and restoration of access roads to remove impervious 
cover; and minimizing the width of the impervious surface.  In the event 
access road rehabilitation is applied, supporting computations and details 
will be provided with the corresponding access road submission. 

Upon demonstrating that the Energy Balance is satisfied, compliance with 
the requirements at 9 VAC 25-870-66 B.3 is achieved for that drainage 
area. 

3.6 Typical Access Road Water Quantity Analysis Package 

The access road water quantity analysis is to be presented for each access 
road or for each group of access roads that connect or are located adjacent 
to each other as dictated by the topography and hydrography of the local 
area.   

A typical package will include a description of site pre-development and 
post-development conditions, summary of compliance with water 
quantity regulations for each segment of the road, and supporting 
calculations.  See Section 7 for additional detail regarding documentation. 

4.0 BASIS FOR INPUT DATA 

The data to be used in the analysis discussed in Sections 2 and 3 is 
identified in the following sections. 

4.1 Land Cover 

The baseline land cover data is obtained as a Land Cover product in a 
raster and vector data format from the Virginia Land Cover Map Service 
publicly made available by the VGIN.  The VGIN Land Cover product 
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classifies the land cover using the classification scheme developed by 
VGIN and its partners. The VGIN Land Cover product aims to provide 
improved land coverage data to assist localities in planning and 
implementation of stormwater management programs. This evaluation 
utilizes the categories of the VGIN Land Cover product. The data set used 
for the pre-development land cover condition in this analysis is the VGIN 
Land Cover product. Data utilized is sourced from the following: 
https://vgin.maps.arcgis.com/home/item.html?id=6ae731623ff847df91df
767877db0eae. 

The data maintained by VGIN is understood to be compiled from sources 
ranging in dates per the below:  “1 meter Land Cover Dataset based on a 
12 item classification scheme. This statewide dataset is divided into tiled 
imagery from the Virginia Base Mapping Program (VBMP) 
orthophotography between the dates of 2011 and 2015.” 

The data set for the post-development land cover condition in this 
analysis is developed using the baseline land cover data and the following 
assumptions for each new and existing major upgrade permanent access 
road: 

1. the access road is approximately 16 feet wide and surfaced with gravel; 
and 

2. all areas categorized as Forest within the pipeline permanent and 
temporary ROW will be converted to the scrub-shrub land cover category. 

To facilitate the evaluation of water quantity, runoff curve numbers are 
assigned to each land cover classification using the land cover 
descriptions presented in the TR-55 manual and the Virginia Stormwater 
Management Handbook.  The correlation of the land cover categories with 
TR-55 land cover descriptions and the associated curve numbers is 
presented in Attachment 2.  

4.2 Topography 

The stormwater analysis utilizes the best consistently-available 
topography, which is derived from several different sources, including 
VGIN LiDAR and project-specific LiDAR.  Since multiple sources are 
utilized the contour intervals vary with location. Specific sources are 
noted within the water quantity analysis packages. 
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4.3 Soils 

The Hydrologic Soil Group (HSG) classification is obtained from the Soil 
Survey Geographic Database (SSURGO) publicly available from the 
United States Department of Agriculture (USDA) NRCS.  The HSG D is 
assigned in cases where the HSG is listed as A/D, B/D, or C/D.  In cases 
where HSG was not listed, HSG was assigned as presented in White Paper 
Attachment 3. 

4.4 Storm Events and Precipitation Depths 

Runoff volumes and peak flow rates are calculated for the 1-year, 24-hour; 
2-year, 24-hour; and 10-year, 24-hour storm events as needed in the water 
quantity analysis.  Precipitation depths are obtained from the National 
Oceanic and Atmospheric Administration’s (NOAA’s) National Weather 
Service. The precipitation depths for each storm were obtained from 
NOAA as iso-contours.   

5.0 COMPLIANCE STRATEGIES 

Several key aspects to the water quantity compliance strategy are included 
here. 

5.1 Pipeline Area Restoration and Rehabilitation Strategies 

Per 2017 DETI AS&S: 

“The forestry and vegetative management practices employed by DETI 
within the right-of-way comply with the VRRM recommendations for 
open space.  Where the right-of-way consists of forest or open space 
conditions prior to the construction activity, and will remain in a forested 
or open space condition under post-developed conditions (e.g., 
undisturbed or restored to a hydrologically functional state and all 
surfaces will remain as permeable surfaces which are mowed no more 
than once every three years, in accordance with FERC Plan Guidelines or 
maintained in accordance with Table 1 referenced above), runoff curve 
numbers are identical under the Virginia Runoff Reduction Method. 

Further the United States Department of Agriculture Natural Resources 
Conservation Service (USDA-NRCS) provides additional guidance and 
background on the development of natural scrub-shrub habitat. Per the 
NRCS Fish and Wildlife Habitat Management Leaflet Number 42 “Scrub-
shrub Birds” (January 2007). 
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Under Natural Regeneration on page six, “The process of natural 
regeneration is slow, inexpensive, and, where not constrained by other 
considerations, should be the favored option. A disturbance such as 
grazing, lightly disking, burning, or mowing, may be necessary to begin 
this process. After scrub-shrub has been established, periodic 
management is necessary to maintain it in an early successional stage.” 
 
Additionally, on page 6 “Planting should only be done where there is no 
natural source of regeneration or when a rapid result is required.” 

As such, it is anticipated that successional regeneration will provide for a 
long-term scrub-shrub condition in terms of representative species and 
right-of-way maintenance practices; however, this may take time. As such, 
given the breadth of activities proposed, it has been discussed that a 
component of the permanent stabilization be modified to include a seed 
source of select scrub-shrub species. This would initiate a jumpstart of 
successional processes and to provide more near-term assurance that 
scrub-shrub conditions will be established. 

As a commitment to this result, Dominion would ensure that the 
permanent seed mix be adjusted within the permanent right-of-way to 
incorporate a minimum percentage (e.g., 3-10%) of early successional 
scrub-shrub species to establish a seed source for scrub-shrub 
development consistent with the plan for seeding and planting for the 
adjacent restoration of the temporary right-of-way. 

Select species will be identified that promote this land cover consistent 
with the TR-55 definition for scrub-shrub, and Dominion will incorporate 
species that are shown for the temporary right-of-way seeding palette 
under the current Restoration and Rehabilitation (R&R) Plan to be planted 
within the permanent 50-foot ROW. This is understood to further ensure 
final stabilization conditions will provide for hydrologic functionality 
noted under scrub-shrub and are consistent with maintenance practices 
under DETI AS&S. 

Updates will be reflected in the ACP Restoration and Rehabilitation Plan, 
as necessary. Land cover CN’s for permanent ROW consistent with scrub-
scrub under TR-55 are provided under Attachment 2. 

5.2 Volumetric Offsets Evaluation 

In areas where increased volumes of sheet flow may indicate an increase 
in downstream channel velocity, when increases in velocity are noted 
(percent increase computed using two significant figures), aggressive 
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pursuit of compliance is sought through assurance that additional 
detention volumes are provided in offset. To evaluate efficacy of 
volumetric offsets, the methodology was used as defined under Technical 
Release 55 Urban Hydrology for Small Watersheds (TR-55), Chapter 6. 

In lieu of detailed modeling through a TR-55 modeling interface, an 
alternative process was utilized to assess aggregate volumes of sheet flow 
as defined under TR-55 Chapter 6 – Storage Volumes for Detention Basin. 
This method is also identified under the DEQ Plan Reviewer for 
Stormwater Management Certification Course, and may be utilized to 
assess the storage volume required (Vs) in relation to the post-
development calculated runoff volume (Vr) with a conservative and 
reasonable Factor of Safety (FOS) of 1.25. This method is utilized across 
the project; however, individual practice and structure routings may be 
applied, if necessary. 

Per Chapter 6 (page 6-2), “Use figure 6-1 estimate storage volume (Vs) 
required or peak outflow discharge (qo). The most frequent application is 
to estimate Vs, for which the required inputs are runoff volume (Vr), qo, 
and peak inflow discharge (qi). To estimate qo, the required inputs are Vr, 
Vs, and qi.” 

For the purposes of the project, Vs (required storage) was determined 
utilizing Figure 6-1, for a Type II distribution of the relevant storm event 
(2-year or 10-year event) and “Worksheet 6a: Detention basin storage, 
Peak outflow discharge (qo) known” under TR-55 Appendix D-7. See 
Section 7 below regarding documentation of this methodology. TR-55 
pages 6-2 and D-7 are provided under Attachment 4. 

6.0 MITIGATION MEASURES 

The following provides discussion regarding treatments and measures 
used to either maintain sheet flow, address volumes associated with sheet 
flow areas, or to address energy balance compliance, as applicable. 

6.1 Sheet Flow Maintenance and Increased Volumes Evaluation 

Per the flow chart under Attachment 1, the primary compliance path is 
through maintenance of sheet flow leaving the project. The below is 
intended to provide an overview of the basic components.  
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6.1.1 Standard Stone Apron – Flow Assessment and Detail Development 

The following is intended to provide background to the consulting team’s 
approach to very conservatively demonstrate that waterbar and culvert 
feature outlet flows discharge in a sheet flow condition. Additionally, this 
assessment has been used in developing standardized details and flow-
based triggers for use in stormwater management plan evaluation Water 
Quantity Calculations Package. 

Modified Apron Evaluation  

The consultant team evaluated depth and flow values across the modified 
apron at the outfall of culverts and waterbars along the access roads and 
pipeline to ensure sheet flow at the outfall of the apron. This effort utilized 
the weir equation (Source: Chapter 5, VSWMH,1999), see Equation 6.1 
below, to calculate a discharge at the outfall of the apron with varying 
apron lengths analyzed. Assumptions used in the weir equation include a 
dimensionless weir coefficient of 3.0, and a constant depth of water over 
the weir of 0.1 feet (ft), understood as a threshold depth for sheet flow 
conformance specific to the project.  

Equation 6.1: Weir Equation 

 

 

 Where:             = weir discharge, cfs 

   Cw = dimensionless weir coefficient  

   L = Length of weir, ft 

   h = hydraulic head, ft 

Once flow values were obtained, the design team determined the normal 
depth within the practice leading to the apron for reference only. The 
analysis centered on providing a conservative documentation of sheet 
flow depths (0.1 foot of less) leaving a stone apron weir. The normal depth 
in a waterbar for reference was determined using Bentley Systems 
FlowMaster v8i for a representative v-ditch with 2:1 ft/ft (H:V) side 
slopes, an 8% longitudinal slope, and a manning’s n of 0.041.  To 
determine the normal depth of flow through culverts of various sizes, 
Bentley Systems CulvertMaster v3.3 software was utilized to model each 
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culvert size at each of the specified weir lengths and corresponding 
discharges for a point of reference. Assumptions used in this assessment 
include a culvert length of 24 ft, the standard design slope for each culvert 
size per the project culvert design under Section 6.3, projecting inlet 
conditions, and a Manning’s roughness coefficient for corrugated metal 
pipe (CMP) of 0.024.  See Table 6.1 below. 

Table 6.1: Conservative End Treatment Weir Discharges (0.1 feet Deep) 
 Depth in Culvert, ft (via CulvertMaster 

computation) 
 

Length of 
Weir (ft)  

Calculated 
Weir Discharge 

(cfs)  

Corresponding 
Depth in 

Waterbar (ft)  
12" 18" 24" 30" 36" 42" 48" 

SSA Type 1 
2 0.190 0.21 0.14 0.12 - - - - - 

SSA Type 1 
3 0.285 0.25 0.17 0.15 - - - - - 

SSA Type 2 
4 0.379 0.28 0.19 0.17 0.17 - - - - 

SSA Type 2 
5 0.474 0.30 0.21 0.19 0.19 0.19 - - - 

SSA Type 2 
6 0.569 0.32 0.23 0.21 0.21 0.21 0.22 - - 

Standard Detail Development 

This modified apron evaluation and the sheet flow velocity check analysis 
was utilized to develop standard stone apron details which are then 
implemented across the project at the lower end of the 10-year flow range. 
This defines typical apron sizes for 12 to 18-inch diameter culverts and 
waterbars that receive 10-year flows between 0 cfs and 0.569 cfs. See the 
estimated flow triggers per the draft SSA under Attachment 4. For flows 
between 0 cfs and 0.284 cfs, a SSA Type 1 is selected. Once flows exceed 
0.284 cfs and remain equal to or less than 0.569 cfs, a SSA Type 2 will be 
provided. Should flows exceed approximately 0.569 cfs, a flow diffuser 
(See Section 6.1.2) will be employed unless concentrated flow conditions 
are understood to apply at the end of feature, such as at concentrated 
channels and jurisdictional features (areas of energy balance). See 
construction details for SSA Type 1 and Type 2 (Figures 6.1, 6.2, and 6.3). 
See the estimated flow ranges used to derive triggers for SSA’s under 
Attachment 4. All SSA’s will be designed using the 10-year storm event. 
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Figure 6.1: Standard Stone Apron (SSA) Type 1 and Type 2 (Detail 1) 

 

Figure 6.2: Standard Stone Apron (SSA) Type 1 & Type 2 (Detail 2) 
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Figure 6.3: Standard Stone Apron (SSA) Type 1 & Type 2 (Detail 3) 

  

6.1.2 Flow Diffuser Basis of Design and Constructability Optimization 

As noted above, a Flow Diffuser will be provided as a feature end 
treatment when flows exceed 0.569 cfs as part of the overall stormwater 
management water quantity compliance approach. All Flow Diffusers will 
be designed using the 10-year storm event.  Similar water quantity / flow 
transition standards in Virginia, such as Virginia Standard and 
Specification 3.21 – Level Spreader (VESCH), designed based on the 10-
year storm event, cite a 1.0 cfs per linear foot of weir length; however, in 
effort to find a more conservative approach the consultant team reviewed 
similar state standards for maintenance of sheet flow. 

As such, the Flow Diffuser details provided herein have been developed 
following review of similar state standards, such as the Maine Level 
Spreader in Section 8.3 of the Maine Stormwater Best Management 
Practices Manual, September 2010, which mirrors the 0.25 cfs per linear 
feet design value, and the H.R.C Research Series Report No. 10 – Analysis 
of Flow Through Porous Media as Applied to Gabion Dams Regarding the 
Storage and Release of Storm Water Runoff, NAHB/NRC Designated 
Housing Research Center at Penn State, August 1992 (Penn State 
Analysis). Additionally, several project constraints have been considered, 
including practical implementation in pursuit of sheet flow maintenance, 
Virginia-specific needs for conformance under 9VAC25-870-66.D, and 
Virginia specific constructability, namely downstream sheet flow 
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definition held to 100 feet, Virginia best practice (inclusive of Virginia 
Department of Conservation and Recreation – Technical Bulletin No. 2, 
Hydrologic Modeling and Design in Karst), and modification of the 
downstream steep slope limitations per similar standards (e.g. Maine 
Level Spreader) through mitigation efforts (0.125 cfs / linear foot sizing in 
areas 30% and greater downstream of the practice). 

The structure has two main components, the first being the flow through 
the stone berm and the second being the weir flow once the berm is 
crested. To estimate the flow through the stone berm, Darcy’s Law / 
Equation was utilized. The equation was optimized within standard 
hydraulic conductivity ranges to produce a peak flow rate of 0.25 cfs per 
linear foot when the headwater condition is at the berm crest height. The 
rating curve then utilizes the results of Darcy’s Equation up to the berm 
height capped at 0.25 cfs per linear foot of weir length, which is equivalent 
to the 10-year flow (based on the Penn State study and state references). 
As such, the 10-year storm is established at the top of the stone berm, and 
the resultant flow through the berm is maintained in sheet flow. The 
composite rating curve for the Flow Diffuser complex (stone sump and 
stone berm) combines the stone berm segment (8 inches of stone) and the 
weir equation to estimate flows that overtop the berm. The weir equation 
utilizes a conservative weir coefficient of 3.0. In areas where detailed 
routing models for the flow diffusers are required this rating curve will be 
utilized. See White Paper Attachment 4 for rating curve information. 

Given some of the project terrain and to augment the BIC approach 
employed by ACP, the project team has committed to additional design 
restrictions when downstream slopes exceed 30%. In this instance, the 0.25 
cfs per linear foot of weir crest length requirement will be reduced to 0.125 
cfs. This effectively doubles standard flow diffuser spacing, ensuring more 
diffuse distribution of flows, and will theoretically reduce the depths of 
sheet flows within these more sensitive slope areas.  

Further, to address additional constructability, stability, and adaptation 
for project use, a series of additional diffuser improvements include: 

• The addition of a one foot wide level lip at zero percent grade, 
tying out to existing downstream grade to provide enhanced sheet 
flow transition (See Figures 6.4 and 6.5 below); 

• The incorporation of two types of diffuser practices to 
accommodate normal construction (side slopes 2:1 or flatter) and 
more space constrained environments (side slopes steeper than 2:1) 
such as adjacent to access roads;  

• The addition of a woven geotextile fabric on the downstream sump 
trench face and a non-woven geotextile on the bottom of the 
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facility in typical facilities as a best practice to promote flow 
through the level lip with drainage capability through the sump 
floor (if applicable); 

• Weeps are needed in instances where an impermeable liner is used 
or when HSG C or D soils are encountered in Flow Diffuser 
construction. Weeps have been proposed to address two concerns, 
namely: 

o Karst – Where Flow Diffusers are sited within defined limits 
of Karst geology (whether on plans or as noted under field 
conditions) or Karst indicative features, “such as rock 
outcrops, sinkholes, springs, caves, etc.” (Technical Bulletin 
No. 2, Virginia Department of Conservation and Recreation 
– Hydrologic Modeling and Design in Karst) are identified 
within the immediate downstream area – a liner is desirable 
to inhibit exfiltration from the facility. Additionally, 
underdrains or weeps are needed to drain the facilities in 
accordance with Technical Bulletin No. 2 where it is 
desirable in that: “Inlet and outlet structures should be 
designed to provide diffuse discharge of water; avoid 
concentration of flows. Under drains are preferred to 
provide gradual discharge of water and to avoid prolonged 
ponding of water.” The general intention of the 
development strategy is to maintain existing drainage 
patterns to the extent practicable. In addition, the Flow 
Diffusers are intended to provide general attenuative 
effects, while providing diffuse discharge in pursuit of 
conditions endorsed by Technical Bulletin No. 2, while 
meeting the applicable subsection(s) of 9VAC25-870-66. 

o Within HSG C and D – It is understood that sump storage 
may take longer to exit via exfiltration, evaporation, etc. 
where Flow Diffuser footprints are sited within identified 
HSG C and D soils. As such, weeps are proposed where 
Flow Diffuser footprints are sited within C and D soils. 
(General Note – Whether in Karst or in C or D HSG soils 
field engineering will be required to accommodate myriad 
field conditions and outfall configurations related to 
weeps.) 

• Incorporation of a stone sump area, which may be expanded to 
allow for flexibility in the field regarding materials and the 
addition of storage, as the need arises. 

• Field adjustment factors for increased length should high 
groundwater table conditions be found during construction (See 
Attachment 4.10). 
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See construction details for Flow Diffusers (Figure 6.4 and 6.5) below. 

Figure 6.4: Flow Diffuser (Side Slopes 2:1 or Less Steep) 

 

 

Figure 6.5: Flow Diffuser (Side Slopes Steeper than 2:1) 
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Flow Diffuser sizing will be provided under the Water Quantity Package 
per the following: 

Sizing standardization, which provides for upsizing of features for 
standard construction practices in the field will be provided on the 
construction plans. Generally, the standard sizing will start at a minimum 
weir length of 6 feet and increase in 2 feet increments. Sizing upgrades for 
the areas subject to decreased flow (0.125 cfs) sizing criteria will also be 
upsized per the standard sizing categories.  

See Attachment 4 for additional information regarding standard sizing of 
Flow Diffusers. 

As noted, in areas where facilities discharge directly to a Karst feature, 
and thus receive an impermeable liner, and in areas with HSG C and HSG 
D soils, the Flow Diffusers will be provided with the ability to weep / 
drain the sump condition. These instances will be identified on the 
construction plans. Weeping will be provided in these instances, primarily 
through a gravel trench (6 inches by 6 inches), or french drain composed 
of VDOT #57 Stone wrapped in a non-woven geotextile fabric. 
Modifications to french drains / weeps to address field conditions / 
constraints will be provided on construction record drawings. 

Additional Sump Volume to Address Unwashed Stone 

To address the settling of fines through the potential use of unwashed 
stone, the flow diffuser detail has been enhanced with the option for 
additional gravel sump storage. To estimate the volume of fines associated 
with the unwashed stone, it was conservatively estimated that 5% of the 
total stone weight was made up of fine material. Based on the volume of 
stone per linear foot of flow diffuser and standard densities for gravel and 
loose dirt, a fine material volume estimate and corresponding required 
sump storage were developed. This volume of sediment corresponded to 
a required sump depth, taking a porosity of 0.4 into account, of 0.86 feet. 
This depth was conservatively increased to 1 foot and is listed as a 
requirement if un-washed stone is to be used in the construction of the 
flow diffuser. Notes requiring these adjustments to provide for field 
flexibility and long-term improved facility efficacy are provided on the 
construction plans. 

Diffuser Sediment Loading 

To estimate the necessary maintenance frequency of the proposed flow 
diffusers, sediment loading estimates based on guidance from the 
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Chesapeake Bay TMDL Action Plan Guidance GM15-2005 were analyzed. 
To conservatively assess the pipeline ROW the Forested TSS loading rates 
per River Basin were averaged to yield a 60.56 lbs/acre/year loading rate. 
Assuming maintenance is required once sediment has reached 50% of the 
total provided storage volume, cleanout would be required approximately 
once every 160 years. To conservatively assess the access roads the 
Regulated Urban Impervious loading rates per River Basin were averaged 
to yield a 682.23 lbs/acre/year loading rate. Assuming maintenance is 
required once sediment has reached 50% of the total provided storage 
volume, cleanout would be required approximately once every 14 years. 
Due to the lifespans noted in both the pipeline ROW and access road 
sections and with the 1-year inspection frequency as defined in the flow 
diffuser maintenance specifications, the requirement for clean-out 
becomes more of an inspection based protocol than a strict yearly 
mandate. 

Maintenance requirements for the Flow Diffusers are provided on the 
construction plans. 

Flow Diffuser Construction in High Groundwater Table Conditions 

The Standard Sump Depth as defined per the Flow Diffuser detail (3.5 
feet) will need to be adjusted by the contractor in the field in the event that 
High Groundwater Table (HGWT) conditions are encountered. In these 
circumstances the contractor shall determine the Effective Sump Depth 
based on the HGWT influence, and then will increase the sizing of the 
flow diffuser to be installed by multiplying the Flow Diffuser Length Per 
Plan by the appropriate Flow Diffuser Length Multiplier, which has been 
incorporated into the Flow Diffuser detail. These Length Multipliers were 
developed by estimating the effective volumes on a per linear foot basis 
and correlating the volume associated with the reduced sump depths to 
that of the typical Flow Diffuser detail (Attachment 4). Also, see 
Attachment A4.10 for additional detail. 

6.1.3 Sheet Flow Downstream Velocity Assessment 

Sheet Flow Velocity Check  

To address how areas outside the ROW (which are often forested without 
dense herbaceous cover) will be protected, the team has utilized 
assumptions of a pasture-like stabilization mix for the slope permissible 
velocity analysis.  The question centers on whether this analysis is 
sufficiently conservative for downstream areas which may be higher slope 
and/or may have forested rather than herbaceous land covers.  The team 
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evaluated the issue utilizing the travel time equation for sheet flow 
contained in TR-55 (Equation 3-3).  The equation was utilized for sheet 
flow lengths of 100 ft. to assess the travel time and associated velocity.  In 
these instances, the original assumptions of pasture-like conditions are 
compared to those for forested conditions (to be conservative, the team 
utilized the sheet flow Manning’s roughness value of 0.4 for Woods with 
light underbrush). As shown below in Figures 6.6 and 6.7, the increased 
roughness associated with wooded areas reduces the velocities to well 
within permissible ranges, even for steeper slope non-pasture areas. 
Permissible velocity ranges are between 1.9 and 6 fps depending on 
channel slope, lining material, and soil erodibility as shown in VESCH 
Chapter 3, Table 3.18-A, attached.  For example, whereas a receiving area 
with a pasture-like land cover originally utilizing a Manning’s n of 0.15 on 
a 20% slope (0.2 ft/ft vertical to horizontal) would yield a velocity of 0.41 
fps, the same analysis of sheet flow for discharges to Woods with light 
underbrush would yield a velocity of 0.19 fps. See Attachment 4 for 
tabular curve development noted under figures below. 

Figure 6.6: Velocity Check in Wooded Conditions 
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Figure 6.7: Velocity Check in Pasture Conditions 

 

6.1.4 Access Road Ridgetop Condition – Gravel Diaphragm 

Generally, the minimal impervious area introduced by the access road 
improvements may be considered sheet flow where the roads are 
constructed in a ridgetop, or crowned, geometry given the limited flow 
length and adjacent topography. However, to further ensure sheet flow 
under water quantity criteria, a Gravel Diaphragm (generally shown 
under Figure 6.8) will be provided in areas where re-concentration may 
occur within the 100-foot buffer. As such, these will be identified to 
accompany road construction in areas, as applicable. Increases in Gravel 
Diaphragm dimensions to provide additional volumetric offset, if 
necessary, are understood to be conservative. As such, no deviation or 
exception from DEQ should apply. Expanded sizes of Gravel Diaphragms, 
if applicable, will be identified individually within the design packages. 

Figure 6.8: Gravel Diaphragm
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Because ridgetop road conditions will generally traverse 
ascending/descending ridgetop roads, it is important to consider A) 
constructability, B) effectiveness, and C) conservative volumetric 
quantification for gravel diaphragms utilized for purposes of addressing 
volumetric offsets.    Water stops will be provided in gravel diaphragms to 
discourage flow through the gravel trench where this is not intended.  
 
Figure 6.9: Gravel Diaphragm with Water Stops 

 

The water stops will be constructed of native soil material per Figure 6.2. 
The water stops will be provided in gravel diaphragms according to 
roadway slopes as defined on the construction documents. See Water Stop 
Spacing in Table 6.3 below. 

Table 6.10: Water Stop Construction Cross Section 
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Table 6.2: Gravel Diaphragm Water Stop Spacing 

 

6.2 Concentrated Stormwater Discharges From Project Areas 

Where it is not possible for the consultant team to maintain sheet flow, 
where the complexity of drainage patterns may indicate, or more 
expeditious and conservative application of the energy balance equation 
may be more applicable, Channel Protection (9VAC25-870-66.B) and Flood 
Protection (9VAC25-870-66.C) criteria shall apply. Additionally, where the 
complexity of drainage patterns may indicate or more expeditious and 
conservative application of the energy balance equation may be more 
applicable, satisfaction of water quantity criteria may also be met through 
Channel Protection (9VAC25-870-66.B) and Flood Protection (9VAC25-
870-66.C) criteria at the discretion of the designer. The following provides 
general discussion as to the compliance approach in these situations; 
however, further strategy and detail may be provided under individual 
spread design packages. 

6.2.1 Channel Protection – 9VAC25-870-66.B 

Where concentrated flows leave the site, principally at areas of 
jurisdictional culvert crossings, 9VAC25-870-66.B will apply. In these 
instances, the energy balance equation will apply to the area of 
improvement that drains to the concentrated flow point leaving the site. 

Generally, the stormwater management strategy (particularly for access 
roads) centers on providing separation of runoff from onsite 
improvements from that of offsite, undisturbed areas. This is addressed 
through several possible ways generally, or as specifically designed and 
documented to address nuanced site constraints under the Water 
Quantity Package, if applicable. 

One option generally employed in areas that require energy balance 
equation satisfaction is the Culvert Flanking Strategy (See Attachment 4), 
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whereby use of cross culverts to Flow Diffusers, ditches, 
microtopography, or some other conveyance option may be employed to 
A) contain onsite drainage and provide detention / release control and B) 
bifurcate onsite flows from offsite flows. This is accomplished by 
“flanking” a primary cross culvert, which carries offsite bypass flows 
through the project, with smaller culvert / diffuser complexes just 
upstream within the roadway section. Flow from these diffusers are still 
intended to outfall in sheet flow per the Flow Diffuser sizing; however, 
these areas are generally included in the energy balance applicable area to 
remain conservative and avoid design /documentation iteration. 

Further, there may areas of energy balance that are required where 
proposed access road improvements are in ridgetop condition. In these 
instances, options include expanding the size and storage volume of 
standard Gravel Diaphragms to address volume control locally. Or 
another option is to provide a Gravel Diversion Trench (see Figure 6.11 
below) to control areas of runoff and direct them to downstream storage 
practices. 

Figure 6.11: Gravel Diversion Trench 

 

6.2.2 Flood Protection – 9VAC25-870-66.C 

Similarly, where Channel Protection applies, Flood Protection will also be 
demonstrated in accordance with 9VAC25-870-66.C. In these instances, the 
10-year storm requirements will be addressed. Generally, this will be 
demonstrated with modeling of project improvements, including Flow 
Diffusers to demonstrate 10-year flow attenuation. Available aerial 
photography, topography, FEMA Flood Insurance Rate Maps (FIRM), or 
local digital GIS floodplain mapping will be utilized in review. 
Documentation will be provided under Spreadsheet Tab / Attachment 14 
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– Flood Protection. See Section 7 for additional detail regarding template 
documentation. 

6.3 Culvert Design 

Standardized culvert sizing is employed for the project in areas of 
intended sheet flow and concentrated flow discharges.  The proposed 
culverts are sized for the 10-year, 24-hour peak flow rate using design 
charts for circular pipe flow presented in Appendix 8C-61 of the Virginia 
Department of Transportation (VDOT) Drainage Manual.  The culverts are 
proposed to be constructed using corrugated metal pipe with approximate 
Manning’s roughness coefficient of 0.024.  The design limits the headwater 
depth to the diameter of the culvert.  For example, the design maximum 
headwater depth for a 12-inch culvert is 12 inches.  The design slope and 
maximum discharge capacity for each culvert size is selected using design 
charts for circular pipe flow considering headwater depth equivalent to 
culvert diameter and outlet velocity of six feet per second (fps) for 12-inch 
diameter culverts and eight fps for all other culverts.  Culvert size is 
selected so that the calculated 10-year, 24-hour post-development peak 
flow rate is no more than 90 percent of the culvert maximum discharge 
capacity.  The final culvert slope is to be adjusted in the field, as needed, to 
convey the required peak flow rate and to maintain an acceptable 
discharge velocity. The table below identifies the design criteria for each 
size culvert considered under standard sizing. In instances where designs 
may exceed these standards, such as offsite flow bypass, a site specific 
culvert design will be provided and documented under detailed 
submittals. 

Table 6.3: Standard Culvert Design 
Culvert Design 

Diameter of 
Culvert (inches) 

Maximum 
Headwater 

(inches) 

Design 
Velocity 

(fps) 

Design Slope 
(feet/feet) 

Maximum 
Discharge 

Capacity (cfs) 

Maximum 
Allowable 
Peak Flow 
Rate (cfs) 

12 12 6 0.06 4.5 4.1 

18 18 8 0.06 14 12.6 

24 24 8 0.04 25 22.5 

30 30 8 0.03 40 36 

36 36 8 0.023 55 49.5 

42 42 8 0.019 75 67.5 

48 48 8 0.017 100 90 
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7.0 TEMPLATE DOCUMENTATION 

To provide a template for analysis, documentation, and review, the 
consultant team developed a standardized reporting structure that 
includes a cover memorandum (Overall Water Quantity Narrative) for the 
Spread on a pipeline and access road basis. The memo provides general 
information and reference to Appendices that are provided in a consistent 
framework that is included here: 

A. Water Quantity Compliance Summary Tables 
B. Figures: Precipitation Values 
C. Figures: Drainage Features 
D. Figures: Pre-Development Land Cover 
E. Figures: Post-Development Land Cover 
F. Figures: FEMA Floodplain Map 
G. ACP Water Quantity Calculations Packages 
H. TR-55 Modeling Reports 
I. Figures: Hydrologic Soil Groups & Geologically Sensitive Features 

The key components, Appendix A – Water Quantity Compliance 
Summary Tables, Appendices C, D, and E – Mapping Components, and 
Appendix G – ACP Water Quantity Calculations Packages are discussed 
in more detail below. 

7.1 Memo Appendix A – Compliance Summary Tables 

The first appendix is intended to provide an overall understanding for key 
points of analysis (POA’s), whether they relate to sheet flow analysis or 
concentrated flow analysis, and what regulatory section has been satisfied. 
An example Compliance Summary Table is provided on Figure 7.1 below. 
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7.2 Mapping Components 

Several mapping components will be included with each access road and 
pipeline ROW Water Quantity Package to support the calculations in the 
Water Quantity Calculations Spreadsheet. Graphics depicting the site 
topography, identified waterbodies and wetlands, ROW limits, drainage 
features, delineated watersheds, and access road stationing are included 
in the cover memorandum (Overall Water Quantity Narrative) Appendix 
C. Additional mapping displaying the delineated drainage areas in 
respect to hydrologic soils groups and the pre-development and post-
development landcover can be found in Appendices D and E of the cover 
memorandum (Overall Water Quantity Narrative), respectively. 

Figure 7.2: Example Post-Development Conditions Land Cover
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Figure 7.3: Example Drainage Feature Map  

 

7.3 Water Quantity Calculations Package Template 

To provide basic, concise reporting across the project, a template was 
developed in spreadsheet format (Microsoft Excel 2016) for a consistent 
framework for analysis, documentation, and review. While deviations are 
necessary dependent on individual access road or pipeline specifics and 
applicability, the format below is provided in a spreadsheet format. 

Project Data and Preliminary Hydrology 

The following is intended to provide some background on the process, 
calculations, and reporting structure utilized for the pipeline and access 
road water quantity compliance package spreadsheet template. Generally, 
calculation cells are noted in grey, input cells noted in orange, and 
modifications to the template / custom notations are highlighted in blue 
(custom notations are needed in instances where practice sizing is 
increased beyond standards, and other similar conditions where the 
spreadsheet is limiting). 

Spreadsheet Cover Sheets – Includes project specifics in the orange data 
input cells. 
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Spreadsheet Cover Sheet 1 – Includes general information for the 
specific access road or pipeline. Information includes spread name, 
County location, access road identification (if applicable), access 
road category (if applicable), VSMP technical criteria, 12 Digit 
Watershed Location, and Virginia 6th Order HUC ID. A list of 
template attachments to be completed and appended are also 
provided. See the list below for additional information. 

Spreadsheet Cover Sheet 2 – Includes Water Quantity Analysis 
Narrative to highlight aspects of the particular access road or 
pipeline covered under this review. Additional data sources 
specific to the review are noted, including topography, land use, 
soils, wetlands / waters delineation, aerial photography. Space for 
additional notes is also provided, if necessary. 

Water Quantity Calculation Package Spreadsheet Tabs / Attachments to 
be completed and appended include: 

Spreadsheet Tabs / Attachments 1 and 2 – Pre and post-development 
drainage area and curve number (CN) calculations. These attachments 
contain feature (waterbars, culverts, etc) drainage areas, as well as 
aggregated drainage areas for subsequently identified points of analyses 
through downstream review. These data entries are provided from GIS 
analyses. Curve number and Manning’s n reference tables are 
documented under the White Paper Attachment 2. 
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Curve Number Limitations – Note Curve Numbers less than 40 are 
problematic under the TR-55 framework and will produce unreliable 
results for flow and volume calculations (essentially, discharges and 
volumes cannot be relied upon and are indeterminate for CN<40 due to 
underlying limitations in the compliance methodology). The TR-55 
manual notes for a CN of less than 40, another procedure should be used 
to determine runoff. 

Given many of the existing project soils and land uses, many areas of very 
low CN may be noted. With the large initial abstraction of greater than 3 
inches for any CNs less than 40 and the limitations of the TR-55 modeling 
equations (graphical peak discharge method), alternative approaches were 
discussed. However due to the Commonwealth’s stormwater 
management compliance framework being reliant on the methodologies 
outlined in TR-55, an alternative, conservative approach to upward adjust 
the Curve Numbers was derived if the spreadsheet results are utilized in 
lieu of more sophisticated hydrologic modeling. To resolve the limitations 
of the graphical peak discharge method in the spreadsheet, the consultant 
team is conservatively increasing CNs where composite CN’s are below 
the TR-55 threshold of 40 to produce values that would fit within the 
modeling parameters and therefore could be analyzed in both the pre- and 
post-development scenarios.  

To address this manual adjustment, while still calculating the CNs per the 
land use and soil classifications, the consultant team added in additional 
columns on the VGIN Land Cover Data, Attachments 1 and 2. These 
changes have been highlighted in blue and are conservatively used 
throughout the remainder of the spreadsheet for all calculations. The 
underlying individual land cover/soil constituents which are less than 40 
(and create the issue when composited) are upward adjusted to 40 (for 
both pre and post-development).  In this regard, when a predevelopment 
composite CN (Water Quantity Calculations Package Attachment 1 - 
VGIN Land Cover Data – Pre, Calculated CN column) is less than 40, a 
second adjusted CN table (CN Table 2 under Water Quantity Calculations 
Package Attachments 1 and 2) will be utilized for both the pre-
development and post-development CN calculations. This CN Table 2 
provides for upward adjustment of all constituent land cover CNs that are 
less than 40 under TR-55 to CN of 40. The composite curve number will 
then be generated by this CN Table 2. The exception will be when the 
post-development CN decreases to below 40 (due to a resultant scrub-
shrub land use for instance) from a pre-development CN equal to or 
greater than 40. In this instance the calculated composite post-
development curve number will be raised to a minimum of 40 so that a 
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determinant result may be evaluated in the post-development condition.  
This has the effect of inflating the curve numbers to allow for determinate 
results using the TR-55 graphical peak discharge method, while 
maintaining a similar relative difference between pre and post-
development.  It should be noted that this adjustment approach has a 
tendency to overestimate runoff and thusly artificially inflate practice 
sizing, and as such is conservative.  If the conservative peak discharge 
computations in the spreadsheet are problematic in a given instance, 
designers are encouraged to model the scenario using unadjusted CNs in 
a modeling package such as TR-20 to produce results which are not 
inflated by this workaround due to limitations of TR-55 hydrology for CN 
less than 40.  
 
Spreadsheet Tab Attachment 2 (cont.) – Tabulation of Land Cover 
Changes (Percentages of Total Drainage Area). This tab presents the 
tabulation of land cover changes provided to address 9VAC25-870-
55.B.8.h 
 
Spreadsheet Tabs / Attachments 3 and 4 – Pre-development and post-
development times of concentration (Tc) definition. These tabs include 
cells to define NOAA Atlas 14 rainfall amounts for the 1-year, 2-year and 
10-year storm events based on Precipitation Figures under each Overall 
Water Quantity Narrative, areas to demonstrate the manner in which 
these rainfall values were defined (rainfall contours generated from 
NOAA rainfall data), the average basin slope cell, and an option cell to 
allow Tc default to 5 minutes to remain conservative. 
 
In accordance with the United States Department of Agriculture (USDA) – 
Natural Resources Conservation Service (NRCS) Part 630 Hydrology 
National Engineering Handbook, Chapter 15 – Time of Concentration 
(Chapter 15), Tc’s are preliminarily estimated using the Watershed lag 
method (average basin slope). See White Paper Attachment 6 for 
documentation of the GIS Average Basin Slope method definition 
procedure for the project. Composite Curve Number information from 
Spreadsheet Tab Attachments 1 and 2 are utilized for calculations of 
watershed flow length. The average basin slope from GIS data analysis are 
entered, and an option for conservatively using a 5 minute Tc is provided 
for smaller watersheds. This is often generally utilized within the project 
improvement footprint where drainage areas are less than 5 acres. The 
inputs then calculate the watershed lag time, which is then converted to 
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Tc, if the default of 5 minutes is not utilized. Where CNs are below 50 or 
above 95 and not defaulted to 5 minutes an alternate methodology (flow 
segment method per TR-55) will be used and documented under the 
Spreadsheet Tabs / Attachments 3 and 4. See White Paper Attachment 6 
for Average Basin Slope Method definition protocols used for the project. 
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Spreadsheet Tab / Attachment 5 - TR-55 Calculation – This attachment 
provides documentation of peak flow calculations in accordance with TR-
55 Chapter 4, Graphical Peak Discharge Method. The preliminary results 
will be reviewed for assessment of sheet flow. The Spreadsheet Tab / 
Attachment 5 utilizes interpolated values from Table F-1 of TR-55 to 
tabulate the graphical peak discharge calculations, coefficients (C0, C1, 
and C2) associated with the Ia/P ratio, initial abstraction (Ia) to 
precipitation ratio (P). These equations are used to assist in the 
automation of the flow calculations and have been reviewed to be 
generally consistent with TR-55 modeled flows.  

Figure 7.6: Spreadsheet Tab / Attachment 5 – TR-55 Calculation 

 

Simplified, Conservative Sheet Flow Review – Point of Analysis (POA)  

Definition and Screening 

The below provides for the process as to review feature outfall 
conformance to sheet flow and preliminarily review the potential for 
impacts of increased volumes of sheet flow (on an aggregate basis) to 
downstream properties. Using the attachments in this section and the 
process defined under the White Paper, the conservative assumptions 
herein may screen areas and allow for focusing of more detailed 
assessment, only on an as needed basis. No modeling, detailed routing, or 
accounting for storage is provided under this section. 
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Spreadsheet Tab / Attachment 6 – Waterbar Assessment & Calculations – 
This attachment preliminarily evaluates waterbars by feature using 
tabular TR-55 peak flows from Attachment 5. This is intended to 
demonstrate sheet flow by feature and what end treatments (Standard 
Stone Apron Type 1, Standard Stone Apron Type 2), or Flow Diffusers) 
are required. These features will be aggregated in later evaluation steps, 
starting with Spreadsheet Tab / Attachment 9.  
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Spreadsheet Tab / Attachment 7 – Documentation of Ridgetop Sheet Flow 
Condition – This attachment simply documents that the limited lateral 
flow from roads within the ridgetop sections of road leave the road / 
ROW in sheet flow, what stations these conditions occur, and whether or 
not a downstream concentrated condition exists within the 100 foot ROW 
buffer. Evaluation of aggregate effects of increased volumes of sheet flow 
will be provided in subsequent steps. 
 
Figure 7.8: Example Spreadsheet Tab / Attachment 6 – Documentation of 
Ridgetop Sheet Flow Condition 

 
 

Spreadsheet Tab / Attachment 8 – Culverts Definition and Outfall 
Assessment – Similar to Attachment 6, this provides documentation of 
sheet flow leaving proposed culverts and what end treatments (Standard 
Stone Apron Type 1, Standard Stone Apron Type 2, or Flow Diffusers) are 
required. 
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Detailed Review and Modeling 

To this point, no detailed modeling for further review has been 
performed, rather only the areas that require further analysis have been 
identified. The following provides discussion of the steps that are being 
taken to review these areas for A) sheet flow areas that may require 
further evaluation, modeling, or mitigation measures to document no 
apparent impacts to downstream properties due to increased volumes of 
sheet flow, and B) areas of concentrated flow that may require further 
evaluation, modeling, or mitigation measures to document conformance 
with the energy balance equation. POA naming conventions for the 
project are provided below for both access roads and pipeline segments. 

Access road: 

Culverts, waterbars naming is based on the sheet No. It uses the same 
naming convention as shown on the alignment sheets. 

• Culvert: C SheetNo.Numerical numbers. For example, C E146.001 
• Waterbar: W SheetNo.Numerical numbers. For example, W 

E146.001 
• POA-R: Access road name_POA_R#. For example 07-001-A009-AR 

1_POA_R1 
• POA-C: Access road name_POA_C#. For example, 07-001-A009-AR 

1_POA_C1 
• POA: these are for the points further downstream if there are any. 

For example, 07-001-A009-AR 1_POA_1 
• Energy balance drainage area: Access road name_EB#. For 

example, 07-001-A009-AR 1_EB1. 
• Use the same naming ID for the drainage area of the above points 

Pipeline: 
• Waterbar: Use the naming IDs provided in GIS 
• POA-R: Spreadname_letter_POA-R1. For example, staff 1 will use 

11_A_POA_R1. Staff B will use 11_B_POA_R1. (Different letter as it 
involves different groups of people. ) 

• POA-C: Spreadname_letter_POA-C1. For example, starting with 
11_A_POA_C1 for staff 1, starting with 11_B_POA_C1 for staff 2. 

• Energy balance drainage area: Spreadname_letter_EB#. For 
example, starting with 11_A_EB1 for staff 1. starting with 11_B_EB1 
for staff 2. 

Methodology for Defining Points of Concentrated Flow: 
1. Utilizing available data, in order of reliability 

a. Streams and Wetlands 
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b. Aerial photography 
c. Available Topography 

2. Engineering judgement is used to approximate 
a. The existence of a concentrated flow feature 
b. The estimated geometry of the feature 

3. The process will generally conform to: 
a. Where a Stream or Wetland exists a concentrated flow 

feature is confirmed. 
b. In areas outside Streams and Wetlands 

review/documentation, aerial photography may confirm the 
existence of a concentrated flow feature (e.g. ditch). 

c. Finally, topography provides for visual assessment of 
discrete concentrated flow paths. Note that sections of the 
project exist within steep, often karst, terrain of western 
Virginia. As such, broad and steep headwater drainages or 
ravines often do not contain defined concentrated flow 
paths. 

4. Once the concentrated flow feature is identified, the available data 
is utilized in concert, where practicable to estimate channel 
geometry. This includes. 

a. Section is pulled if possible from the available topography. 
Slopes are estimated based on available topography, which 
may include the averaging of two slopes in areas of 
transition and large gaps between contours. 

b. Information such as delineation of ordinary high water and 
bank width metrics are used to approximate near channel 
features, which are then nested within the section pulled 
from available topography, to the extent practicable. Where 
delineation information is not available, aerial photography 
may be used to estimate approximate channel width. 

c. Finally, if no delineation or aerial information is useful, the 
topo will be relied on. 

5. The following notes may be considered under this process: 
a. Existing flow paths may contain sheet flow and shallow 

concentrated flow depending on location and terrain 
characteristics. 

b. Some potential hydrologic benefits of the roadway 
development approach may include: 



P A G E  5 6  

i. the elongation of Tc flow paths 
ii. incremental storage along ditch lines with 

substantially lower slopes than existing grade, even 
prior to implementation of check dams 

iii. use of both elongated flow paths and ditch features to 
break existing shallow concentrated flow paths and 
return to sheet flow. 

Spreadsheet Tab / Attachment 9 – Sheet Flow Aggregate Downstream 
Check – Velocity checks are performed for a POA downstream (POA-C) to 
assess whether the post-development velocity of increased volumes of 
sheet flow is noted as increased for velocities with two significant figures. 
Should this be the case and all upstream checks are deemed consistent 
with the compliance approach, then sheet flow is maintained and 
conformance with 9VAC25-870-66.D may be satisfied. 
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Figure 7.10: Example Spreadsheet Tab / Attachment 9 – Sheet Flow 
Aggregate Downstream Check 

 

For the purposes of comparing pre-development to post-development 
velocities in the downstream channel, Manning’s roughness coefficients 
were conservatively selected for each section based upon best available 
data and engineering judgement. The roughness coefficients remain 
consistent between the pre- and post-development modeling. The results 
of this comparative analysis require mitigation measures to contain all 
volume increases when any velocity increase is noted. 
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For those areas that an increase is shown due to increased volumes of 
sheet flow, mitigation steps may be required and further modeling is 
performed and documented in accordance with the White Paper under 
further steps below. 

Spreadsheet Tab / Attachment 10A – Mitigation for Sheet Flow – This 
attachment will provide detail on the modeling that is performed to 
demonstrate how practices are used collectively to meet either sheet flow 
or concentrated flow compliance objectives. Velocities are compared for 
the 2-year storm event, pre-development to post-development unrouted, 
and flow depths are similarly compared for the 10-year storm event. 
Documentation of the proposed mitigation strategies are provided and a 
discussion of the area of concern is included along with any modeling 
support and additional documentation (i.e. detailed routings, Vs/Vr 
comparisons, or other modeling results) underneath each table.  



 

Figure 7.11: Example Spreadsheet Tab / Attachment 10a – Mitigation for 
Sheet Flow 
 

 



 

Spreadsheet Tab / Attachment 10B – Mitigation for Concentrated Flow – 
Similar to Spreadsheet Tab / Attachment 10A this tab includes measures 
and modeling approach notes to provide compliance with the energy 
balance requirements, as applicable. Several different types of modeling 
software are utilized to perform detailed routed modeling, see applicable 
modeling software under Section 8 below. Energy Balance compliance 
documentation, with routed peak flows and runoff volumes, is provided 
under Spreadsheet Tab / Attachment 13. 



 

 

Figure 7.12: Example Spreadsheet Tab / Attachment 10b – Mitigation for 
Concentrated Flow 

 



 

 

Spreadsheet Tab / Attachment 11 – TR-55 Unrouted Flow – This 
attachment provides a summary of the unrouted TR-55 flows from 
mitigation efforts defined under both Overall Water Quantity Narrative 
Attachments 10a and 10b. 

Figure 7.13: Example Spreadsheet Tab / Attachment 11 – TR-55 Unrouted 
Flow 

 

Spreadsheet Tab / Attachment 12 – TR-55 Routed Flow and Volume 
Summary – This attachment provides a summary of the routed TR-55 
flows from the mitigation efforts defined under both Overall Water 
Quantity Narrative Attachments 10 and 10A. 

Figure 7.14: Example Spreadsheet Tab / Attachment 12 – TR-55 Routed 
Flow and Volume Summary 
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Spreadsheet Tab / Attachment 13 – Flow / Energy Balance Summary – 
This attachment combines the outfalls and flow information from Overall 
Water Quantity Narrative Attachments 11 and 12 to further document 
where energy balance is required, and how it is met in terms of allowable 
flow. 

Figure 7.15: Example Spreadsheet Tab / Attachment 13 – Flow / Energy 
Balance Summary 

 

Spreadsheet Tab / Attachment 14 – Flood Protection – For those 
concentrated flow areas, a demonstration of Flood Protection is provided 
here. Documentation will be provided to address Flood Protection criteria 
(9VAC25-870-66.C). FEMA Flood Insurance Rate Maps (FIRM) or local 
digital GIS floodplain mapping will be provided/depicted, if applicable. 
Note that some areas of access road improvements may be through 
existing regulated floodplains. The construction of these access roads is 
understood to be of limited footprint, no net fill, work to be performed at 
or near existing grade, and the topdressing of stone in areas of existing 
gravel. As such, no impact to the existing regulated floodplain is intended. 
See the individual cover memo (Overall Water Quantity Narrative) for 
specific information or exceptions. 



 

Figure 7.16: Example Spreadsheet Tab / Attachment 14 – Flood Protection 



 

Spreadsheet Tab / Attachment 15 – Modeling Summaries – This provides 
detailed modeling results for review as necessary, including 
CulvertMaster, or other programs, as applicable. Given their significant 
size, TR-55 modeling results (PondPack, HydroCAD, etc) are combined 
under the cover memorandum (Overall Water Quantity Narrative) 
Appendix H for reference, as necessary. 

Spreadsheet Tab / Attachment 16 – Roadside Channel Design – Each 
access road has been designed utilizing an array of typical sections 
established for the project. Several of these sections involve the 
implementation of roadside channels. Spreadsheet Tab / Attachment 16 
utilizes the flows developed on Tab / Attachment 5 along with proposed 
slopes and single section modeling runs to define minimum channel 
depths, average shear stress, and proposed channel linings. The majority 
of the analysis on this tab is performed outside of the spreadsheet and 
compiled in this location for documentation. 
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Generally, note that changes to standard spreadsheet columns and 
calculations will be made in blue text and noted, where applicable for 
additional clarity. 

Storage Volume Estimation 

Outside of the overall Water Quantity Calculation Spreadsheet, an 
additional spreadsheet was developed to assist in estimating the volume 
attenuation provided by the proposed practices. This spreadsheet is 
utilized when assessing the storage volume to runoff volume relationship 
described herein and documented in TR-55. The spreadsheet also provides 
an outlet structure cross section for the flow diffuser that can be utilized if 
detailed routed modeling efforts are required. Additional discussion on 
how the stage storage curves and associated volumes per practice were 
developed is provided below. 

Flow Diffuser – The flow diffuser stage storage curve was developed 
utilizing a cross sectional area subdivision of the proposed flow diffuser 
geometry. Areas of open storage and stone void space storage were 
differentiated and a porosity of 0.4 was assigned to all void storage areas. 
The stage storage curve was then developed utilizing these areas and 
unitized volumes along with an inputted flow diffuser length to estimate 
the overall diffuser storage volume. A rectangular weir section is similarly 
populated based on the inputted flow diffuser length assuming that the 
weir crest is located at the base of the stone berm where the structure ties-
out to existing grade. 

Waterbar – The waterbar stage storage curve was developed utilizing a 
conservative trapezoidal section with a 0.17 ft bottom width, typical 2:1 
side slopes, and a standard depth of 6 inches. The stage storage curve was 
then developed utilizing this geometry along with a standard waterbar 
length of 16 feet for the access roads and a modified length for the pipeline 
ROW applications.   

Check Dam – The check dam stage storage curve was developed utilizing 
a conservative v-ditch section with typical 2:1 side slopes and a standard 
depth of 6 inches. The stage storage curve was then developed utilizing 
this geometry along with a standard ponding length of 5 feet, per a 
conservative 20% roadway slope.   

Gravel Diaphragm – The gravel diaphragm stage storage curve was 
developed utilizing a trapezoidal section with a 1 ft depth, 1 ft bottom 
width and typical 2:1 side slopes. The stage storage curve was then 
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developed utilizing this geometry along with an effective length, a 
porosity of 0.4, and a percent usable volume estimate of 33% to remain 
conservative in most situations.  The 33 percent usable volume reduces the 
storage volume of the diaphragm conservatively based on an estimated 
cross sectional area reduction for a roadway slope of 40%. Should it be 
necessary to credit volumes in excess of this conservative level, this will be 
documented specifically under the Water Quantity Calculations Package. 

Project specific checklists are included under Attachment 7 

8.0 SOFTWARE MODELING PACKAGES 

Software programs utilized in this White Paper and water quantity 
analysis packages include: 

Bentley Systems FlowMaster v8i 

Bentley Systems CulvertMaster v3.3 

Bentley Systems PondPack v8i 

Federal Highways Administration, Hydraulic Toolbox 4.1 or Later  

NRCS, Win TR-55, Version 1.00.10 

Autodesk Inc., Hydraflow Hydrographs Extension for AutoCAD Civil 3D 
2011, Version 8 

HydroCAD Software Solutions LLC, HydroCAD Stormwater Modeling 
10.0 or Later 

HEC-HMS Version 4.0 or Later 

Esri ArcGIS Desktop (Versions 10.3 & 10.4) 

Esri ArcGIS Spatial Analyst Extension (Versions 10.3 & 10.4) 

Esri Arc Hydro Tools (Versions 10.3 & 10.4) 
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Attachment 1 – Water Quantity Compliance Flow Chart 
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Attachment 2 – Curve Number Assignments 

 
Table A2.1: Land cover and associated classifications (descriptions, Curve Numbers, roughness 
coefficients, shallow and concentrated flow surface conditions) 
 
Table A2.2: Pre-Development and Post-Development Land Cover Categories 
 
Attachment A2.3: TR-55 Curve Number Limitation Evaluation 

  



Curve Number (CN)
(See Note 2 and 3)

Hydrologic Soil Group

Land Cover 
Category

VGIN 
Classification

VGIN 
Classification # Land Cover Description

VGIN 
Reference 

Section 
(See Note 

1)

A B C D n Surface 
Description

Shallow 
Concentrated 
Flow Surface 

Condition (See 
Note 5)

Turf Grass Turf Grass 71

The Turf Grass classification includes 
vegetation (primarily grasses) planted in 
developed settings for erosion control or 
aesthetic purposes, as well as natural 
herbaceous vegetation and undeveloped 
land, including upland grasses and forbs. 
Examples include but are not limited to 
recreational areas, lawns, and vacant 
lands. Any grasses or managed turf that 
fall into this description will be included if 
the land is less than 1 acre in size, or 
visually determined to be recreational 
from the imagery. 

2.3.4.1 39 61 74 80

TR-55, Table 2-2a, 
Open Space (lawns, 
parks, golf courses, 
cemeteries, etc.), 

good condition (grass 
cover > 75%)

0.15 Short grass, 
prairie Unpaved

Impervious

Extracted 
Buildings, 

driveways, 
parking lots, 
roads, etc.; 

External Local 
& Statewide 
Impervious 

data

21/22

The Extracted and External classification 
includes areas characterized by a high 
percentage of constructed materials such 
as asphalt and concrete, buildings and 
parking lots, and infrastructure such as 
roads and rail-roads. Buildings features are 
represent residential and commercial 
building foot-prints. Roads features 
represent automotive thoroughfares. The 
information was derived from statewide 
data such as linear roadway centerline 
features, roadway classification (interstate, 
highway, or secondary roadway), specific 
VDOT (Virginia Department of 
Transportation) attribution such as number 
of lanes, lane width and hard shoulder 
width.  Ancillary roads features are linear 
features that were not considered to be 
roadway centerlines or streams, but were 
visible on the aerial photography. These 
features may be driveways, wide hiking or 
ATV trails, logging roads, jeep trails, private 
roadways, or other similar features. 
Railroads features represent locomotive 
railway centerlines and are represented as 
linear features. Other Impervious surface 
features are polygonal features 
representing other potential impervious 
surfaces (e.g., large parking lots). 

2.3.6.1 98 98 98 98
TR-55, Table 2-2a, 

Paved parking lots, 
roofs, driveways, etc.

0.01

Smooth 
surfaces 

(concrete, 
asphalt, 

gravel, or 
bare soil)

Paved

Forest Forest 41

The Forest classification includes areas 
characterized by tree cover of natural or 
semi-natural woody vegetation, including 
deciduous, ever-green, and mixed foliage 
types. Any area that is not encompassed 
by a 1 acre circle is characterized as Tree. 
The Deciduous Forest class includes all 
band spectrums for the leaf-off trees and 
those with browning leaves.  The 
Coniferous Forest class includes mixed 
foliage and evergreen trees. The Forest 
Shadow class includes the darker color 
bands associated with the shadows 
produced in more mountainous or hilly 
forested areas.

2.3.7.1 30 55 70 77
TR-55, Table 2-2c, 

Woods. Good 
hydrologic condition.

0.8
Woods, 
dense 

underbrush
Unpaved

Forest Tree 42

The Tree classification includes areas 
characterized by tree cover of natural or 
semi-natural woody vegetation, less than 
or equal to an acre in size. This class 
includes deciduous, evergreen, and 
mixed foliage types.

2.3.8.1 30 55 70 77
TR-55, Table 2-2c, 

Woods. Good 
hydrologic condition.

0.8
Woods, 
dense 

underbrush
Unpaved

Wood/Grass
Harvested/ 
Disturbed 

Forest
61

The Harvested/Disturbed Forest 
classification includes areas of forest clear-
cut, temporary clearing of vegetation, 
and other dynamically changing land 
cover due to land use activities.  These 
features are categorized where there is 
30% canopy cover or less.

2.3.9.1 32 58 72 79

TR-55, Table 2-2c, 
Woods-grass 

combination (orchard 
or tree farm. Good 

hydrologic condition.

0.4 Woods, light 
underbrush Unpaved

Shrub/Scrub Shrub / Scrub 51

The Shrub/Scrub classification is 
characterized by natural or semi-natural 
woody vegetation with aerial stems 
generally less than 6 meters tall as well as 
evergreen and deciduous species of true 
shrubs, young trees, and those that are 
small or stunted due to environmental 
conditions. This feature includes  
easement fields, stunted tree growth 
around wetland features, and any 
additional patches of stunted trees and 
turf that do not fit into the other 
classifications

2.3.10.1 30 48 65 73
TR-55, Table 2-2c, 

Brush. Good 
hydrologic condition.

0.8
Woods, 
dense 

underbrush
Unpaved

Agriculture Pastureland 81

The Pastureland classification includes 
areas of grasses, legumes, or grass-legume 
mixtures planted for live-stock grazing or 
the production of seed or hay crops.  The 
land may be used only for pasture in 
rotation with crops, or more or less 
permanently used for this purpose.  Any 
grasses or managed turf that fall into this 
description, or otherwise cannot be 
categorized as cropland or recreational 
will be included here if the land is greater 
than 1 acre in size. 

2.3.3.1 39 61 74 80

TR-55, Table 2-2c, 
Pasture, grassland, or 
range - continuous 
forage for grazing. 
Good hydrologic 

condition.

0.17
Cultivated 

soils, residue 
cover >20%

Unpaved

TR-55 Land Cover 
Description 

Roughness 
Coefficient 

(Manning's n) for 
Sheet Flow (See 

Note 4)



Curve Number (CN)
(See Note 2 and 3)

Hydrologic Soil Group

Land Cover 
Category

VGIN 
Classification

VGIN 
Classification # Land Cover Description

VGIN 
Reference 

Section 
(See Note 

1)

A B C D n Surface 
Description

Shallow 
Concentrated 
Flow Surface 

Condition (See 
Note 5)

Agriculture Cropland 82

The Cropland classification includes areas 
characterized by herbaceous vegetation 
that has been planted or is intensively 
managed for the production of food, 
feed, or fiber, or is maintained in 
developed settings for specific purposes. 
Examples include row crops, small grain, 
fallow (tilled with sparse vegetative cover), 
feeding operations, orchards, groves, 
vineyards, nurseries, and other horticultural 
areas.  Any grasses or managed turf that 
fall into this description, or otherwise 
cannot be categorized as pastureland will 
be included here if the land is less than 1 
acre in size. 

2.3.2.1 67 78 85 89

TR-55, Table 2-2b, Row 
crops, straight row. 
Good hydrologic 

condition.

0.17
Cultivated 

soils, residue 
cover >20%

Unpaved

Wetlands NWI/Other 91

The NWI/Other classification includes all 
NWI (National Wetlands Inventory) Woody 
Wetland areas where forest or shrub land 
vegetation accounts for 25% to 100% of 
the cover and the soil or substrate is 
periodically saturated with or covered 
with water.  This classification also includes 
all NWI Emergent Wetland features where 
perennial herbaceous vegetation 
accounts for 25% to 100% of the cover and 
the soil or substrate is periodically 
saturated with or covered with water. 

2.3.11.1 30 55 70 77
TR-55, Table 2-2c, 

Woods. Good 
hydrologic condition.

0.4 Woods, light 
underbrush Unpaved

Barren Barren 31

The Barren classification includes areas 
with little or no vegetation characterized 
by bedrock, desert pavement, beach and 
other sand/rock/clay accumulations, as 
well as areas of extractive mining activities 
with significant surface expression. 
Example features include but are not 
limited to beaches, volcanic material, 
slides, quarries, strip mines, and gravel pits. 
Vegetation, if present, would be more 
widely spaced than that of the 
Scrub/Shrub category, and would have 
limited ability to support life (such as 
clearing due natural fire, flood, etc.).  
Disturbed Forest is defined as land that is in 
a transitional state where barren 
characteristics may be inferred, but there 
are no sizable areas that are purely 
barren.

2.3.5.1 77 86 91 94 TR-55, Table 2-2b, 
Fallow, bare soil. 0.01

Smooth 
surfaces 

(concrete, 
asphalt, 

gravel, or 
bare soil)

Paved

Water Water 11

The Water classification includes all areas 
of open water; typically 25% or greater 
pixel cover of water, and all areas 
characterized by perennial cover of 
ice/snow and includes drainage network 
and basins such as rivers, streams, lakes, 
canals, waterways, reservoirs, ponds, bays, 
estuaries, and ocean as defined by the 
NHD (National Hydrography Dataset). 

2.3.1.1 100 100 100 100 No capture of 
stormwater. n/a n/a n/a

Permanent 
ROW Shrub / Scrub 98

The Permanent ROW is being treated as 
Shrub/Scrub which  is characterized by 
natural or semi-natural woody vegetation 
with aerial stems generally less than 6 
meters tall as well as evergreen and 
deciduous species of true shrubs, young 
trees, and those that are small or stunted 
due to environmental conditions. This 
feature includes  easement fields, stunted 
tree growth around wetland features, and 
any additional patches of stunted trees 
and turf that do not fit into the other 
classifications.  

2.3.10.1 30 48 65 73
TR-55, Table 2-2c, 

Brush. Good 
hydrologic condition.

0.8
Woods, 
dense 

underbrush
Unpaved

Gravel n/a 99

The Gravel classification represents the 
post-development road surface 
associated with Major Upgrade and 
Proposed New access roads. The 
estimated road width is no more than 16 
feet in the Post-Development condition.

n/a 98 98 98 98
TR-55, Table 2-2a, 

Paved parking lots, 
roofs, driveways, etc.

0.01

Smooth 
surfaces 

(concrete, 
asphalt, 

gravel, or 
bare soil)

Paved

Notes:
1. 

2. 
3. The Curve Numbers are derived from TR-55 (see Note 2), referenced by the Virginia Stormwater Management Handbook, 4-4.4.3, C. 
4. 

5. 

6. 

7. VRRM: Guidance Memo No. 16-2011- Updated Virginia Runoff Reduction Method Compliance Spreadsheets - Version 3.0, May 2, 2016.

VGIN Reference: Technical Plan of Operations. Virginia Statewide Land Cover Data Development. WorldView Solutions Inc. Prepared for Virginia Information Technologies 
Agency and Virginia Department of Environmental Quality. May 6, 2016. Version 7.0. Accessed September 2017. 
<http://www.vita.virginia.gov/uploadedFiles/VITA_Main_Public/ISP/VGIN/Land_Cover/LandCover_TechnicalPlanOfOperations_v7_20160506.pdf>

The Curve Numbers associated with gravel have been conservatively estimated as impervious area. The design team may request modification of these values upon future 
design guidance and agency approval.
The Roughness coefficients (Manning's n) for Sheet Flow is derived from TR-55 (see Note 2), Table 3-1 that is also presented in the Virginia Stormwater Management Handbook, 
Table 4-9a.

TR 55: Technical Release 55 Urban Hydrology for Small Watersheds (TR-55). United States Department of Agriculture and Natural Resources Conservation Service. 1986. 

TR-55 Land Cover 
Description 

Roughness 
Coefficient 

The surface condition associated with Shallow Concentrated Flow is presented in both in TR-55 (see Note 2), Figure 3-1 and the Virginia Stormwater Management Handbook, 
4-4.3.3.E.2.b.



Pre-Development Condition Land Cover 
Category
Turf Grass

Impervious
Forest, Tree

Wood/Grass
Shrub/Scrub

Agriculture (Cropland) 
Agriculture (Pastureland) 

Wetlands
Barren
Water

 Barren, unless access road surface;Gravel for access road surfaces only
Water

 Shrub/Scrub, unless access road surface;Gravel for access road surfaces only
 Shrub/Scrub, unless access road surface;Gravel for access road surfaces only

 Agriculture (Cropland) unless access road surface;Gravel for access road surfaces only
 Agriculture (Pastureland) unless access road surface;Gravel for access road surfaces only

 Wetlands, unless access road surface;Gravel for access road surfaces only

 Turf Grass, unless access road surface;Gravel for access road surfaces only
Impervious

 Shrub/Scrub, unless access road surface;Gravel for access road surfaces only

Post-Development Condition Land Cover Category



 

Attachment A.2.3 – TR-55 Curve Number Limitation Evaluation 

The following is provided for additional support of the TR-55 Curve Number procedure noted 
under the White Paper Section 7.3 for the purposes of producing a conservative determinant flow 
for evaluations for curve numbers less than 40. The following is excerpted from White Paper 
comment response provided by ACP to DEQ on 2/16/2018. 

From Section 7.3 (page 46) of the Virginia ACP Stormwater Quantity Compliance Methodology, or 
White Paper, submitted to DEQ on February 7, 2018: 

Curve Number Limitations – Note Curve Numbers less than 40 are problematic under the 
TR-55 framework and will produce unreliable results for flow and volume calculations 
(essentially, discharges and volumes cannot be relied upon and are indeterminate for 
CN<40 due to underlying limitations in the compliance methodology). The TR-55 manual 
notes for a CN of less than 40, another procedure should be used to determine runoff. 

Given many of the existing project soils and land uses, many areas of very low CN may be 
noted. With the large initial abstraction of greater than 3 inches for any CNs less than 40 
and the limitations of the TR-55 modeling equations (graphical peak discharge method), 
alternative approaches were discussed. However due to the Commonwealth’s stormwater 
management compliance framework being reliant on the methodologies outlined in TR-55, 
an alternative, conservative approach to upward adjust the Curve Numbers was derived if 
the spreadsheet results are utilized in lieu of more sophisticated hydrologic modeling. To 
resolve the limitations of the graphical peak discharge method in the spreadsheet, the 
consultant team is conservatively increasing CNs where composite CN’s are below the TR-
55 threshold of 40 to produce values that would fit within the modeling parameters and 
therefore could be analyzed in both the pre- and post-development scenarios.  

To address this manual adjustment, while still calculating the CNs per the land use and 
soil classifications, the consultant team added in additional columns on the VGIN Land 
Cover Data, Attachments 1 and 2. These changes have been highlighted in blue and are 
conservatively used throughout the remainder of the spreadsheet for all calculations. The 
underlying individual land cover/soil constituents which are less than 40 (and create the 
issue when composited) are upward adjusted to 40 (for both pre and post-development).  In 
this regard, when a predevelopment composite CN (Water Quantity Calculations Package 
Attachment 1 - VGIN Land Cover Data – Pre, Calculated CN column) is less than 40, a 
second adjusted CN table (CN Table 2 under Water Quantity Calculations Package 
Attachments 1 and 2) will be utilized for both the pre-development and post-development 
CN calculations. This CN Table 2 provides for upward adjustment of all constituent land 
cover CNs that are less than 40 under TR-55 to CN of 40. The composite curve number 
will then be generated by this CN Table 2. The exception will be when the post-
development CN decreases to below 40 (due to a resultant scrub-shrub land use for 
instance) from a pre-development CN equal to or greater than 40. In this instance the 



calculated composite post-development curve number will be raised to a minimum of 40 so 
that a determinant result may be evaluated in the post-development condition.  This has 
the effect of inflating the curve numbers to allow for determinate results using the TR-55 
graphical peak discharge method, while maintaining a similar relative difference between 
pre and post-development.  It should be noted that this adjustment approach has a 
tendency to overestimate runoff and thusly artificially inflate practice sizing, and as such 
is conservative.  If the conservative peak discharge computations in the spreadsheet are 
problematic in a given instance, designers are encouraged to model the scenario using 
unadjusted CNs in a modeling package such as TR-20 to produce results which are not 
inflated by this workaround due to limitations of TR-55 hydrology for CN less than 40.  

In doing this CN adjustment, it is noted by DEQ that there are some instances and anomalies 
whereby the differential from predevelopment to postdevelopment curve numbers are altered and 
may go down from traditional TR-55 CN calculations. This generally occurs in areas of very low 
existing CNs, or A Hydrologic Group (HSG) Soils. 
 
Even though the feature sizing would remain conservative with the methodology described above, 
we understand the concern may be that the relative change in pre to postdevelopment peak flow and 
volume may be low in these instances. To aid in communications DEQ provided spreadsheet 
examples of the identified areas for ACP review.  

 
Stantec Consulting Services Inc. (Stantec) reviewed the spreadsheet information provided by DEQ 
and performed additional hydrologic modeling in Bentley Systems PondPack v8i (PondPack). 
Because of the TR-55 limitations noted above, Stantec utilized the TR-20 Method Unit Hydrograph 
Simulation setting under PondPack to run the actual computed modeling pre and postdevelopment 
flow results. The actual modeled flow differential was compared against conservative spreadsheet 
TR-55 model results. Note the information provided by DEQ follows two drainage areas identified 
by DEQ previously that were discussed on 1/15/18. Stantec provided a prior TR20 evaluation of 
those previously via email on 1/16/18, and for completeness these two areas are shown in the first 
two lines of Attachment 1 - Drainage Area TR-20 Assessment Summary. Modeling summaries are 
provided under Attachment 2. 

 
Note in all forty cases reviewed, the spreadsheet calculations provided: 

1. conservatively high flows that would be used for feature sizing over TR-20 flows and 
2. flow differentials (pre to post) that equal (1) or exceed (39) the actual TR-20 modeled flow 

differentials. 
 
Based on the above, the calculations remain conservative for purpose of regulatory compliance. As 
such, no changes to either the calculations or methodology are proposed.  If DEQ needs more 
specific assurances for some particular subwatershed which is submitted with the detailed design 
packages, we suggest that you request similar TR-20 based flow comparisons at that time. 
 
Attachment 1 - Drainage Area TR-20 Assessment Summary 
Attachment 2 – PondPack Modeling Results 
 



DA ID
DA 
Pre 

(ac)

DA 
Post  
(ac)

Tc Pre 
(hrs)

Tc 
Post 
(hrs)

Sprdsht 
Pre CN

Sprdsht 
Post CN

Actual 
Pre 
CN1

Actual 
Post 
CN1

Pre Post PondPack 
 (cfs) Pre Post Sprdsht 

 (cfs)

Sprdsht 
Conservative 

for Feature 
Sizing?

Sprdsht  > 
PondPack  > 0 
= Conservative?

Regulatory 
Compliance 

Met?

C AR_304.10 1.12 1.12 0.083 0.083 40 44 30 35 0.000 0.003 0.003 0.090 0.200 0.110 Yes Yes Yes

C AR_304.13 2.64 2.64 0.083 0.083 44 45 36 38 0.009 0.015 0.006 0.460 0.530 0.070 Yes Yes Yes

36-014-AR2-POA_R001 0.04 0.04 0.083 0.083 40 72 30 67 0.000 0.086 0.086 0.004 0.121 0.117 Yes Yes Yes

36-014-AR2-POA_R002 0.32 0.32 0.083 0.083 40 56 30 49 0.000 0.110 0.110 0.028 0.324 0.296 Yes Yes Yes

36-014-AR2-POA_R003 0.4 0.4 0.083 0.083 40 51 30 43 0.000 0.013 0.013 0.036 0.225 0.189 Yes Yes Yes

36-014-AR2-POA_R004 1.16 1.16 0.117 0.100 40 46 30 37 0.000 0.005 0.005 0.089 0.257 0.169 Yes Yes Yes

36-014-AR2-POA_R005 0.35 0.35 0.083 0.083 40 57 30 50 0.000 0.146 0.146 0.031 0.391 0.360 Yes Yes Yes

36-014-AR2-POA_R006 1.62 1.62 0.181 0.136 40 51 30 42 0.000 0.034 0.034 0.100 0.712 0.613 Yes Yes Yes

36-014-AR2-POA_R007 0.81 0.81 0.086 0.083 40 55 30 47 0.000 0.169 0.169 0.072 0.885 0.813 Yes Yes Yes

C AR305.001 1.77 1.77 0.083 0.083 40 46 30 37 0.000 0.008 0.008 0.160 0.429 0.269 Yes Yes Yes

C AR305.002 2.05 2.05 0.149 0.130 40 45 30 36 0.000 0.007 0.007 0.139 0.350 0.211 Yes Yes Yes

C AR305.002A 2.87 2.87 0.214 0.192 40 44 30 35 0.000 0.007 0.007 0.162 0.351 0.189 Yes Yes Yes

C AR305.003 6.18 6.18 0.287 0.251 40 45 30 36 0.000 0.021 0.021 0.166 0.391 0.225 Yes Yes Yes

C AR305.003A 1.55 1.55 0.088 0.083 40 47 30 38 0.000 0.009 0.009 0.135 0.448 0.313 Yes Yes Yes

06_001_C037.AR2_AOA_C15 4.21 4.22 0.120 0.117 40 41 30 32 0.000 0.000 0.000 0.317 0.397 0.080 Yes Yes Yes

06_001_C037.AR2_AOA_C2 1.82 1.82 0.083 0.083 40 45 30 36 0.000 0.006 0.006 0.164 0.387 0.223 Yes Yes Yes

06_001_C037.AR2_AOA_R1 10.8 10.8 0.133 0.133 40 42 30 33 0.000 0.009 0.009 0.770 1.145 0.375 Yes Yes Yes

C AR_304.1 0.87 0.88 0.083 0.083 40 45 30 36 0.000 0.003 0.003 0.078 0.187 0.109 Yes Yes Yes

C AR_304.10* 1.7 1.7 0.083 0.083 40 41 30 32 0.000 0.000 0.000 0.153 0.189 0.036 Yes Yes Yes

C AR_304.11 2.41 2.41 0.084 0.083 40 42 30 33 0.000 0.002 0.002 0.217 0.323 0.106 Yes Yes Yes

C AR_304.15 1.09 1.09 0.083 0.083 40 44 30 35 0.000 0.003 0.003 0.098 0.202 0.103 Yes Yes Yes

C AR_304.16 2.04 2.04 0.083 0.083 40 40 30 31 0.000 0.000 0.000 0.183 0.183 0.000 Yes Equal Yes

C AR_304.19 0.76 0.76 0.083 0.083 40 48 30 40 0.000 0.008 0.008 0.068 0.230 0.162 Yes Yes Yes

C AR_304.2 0.44 0.44 0.083 0.083 40 47 30 38 0.000 0.003 0.003 0.040 0.120 0.080 Yes Yes Yes

C AR_304.22 2.41 2.41 0.093 0.090 40 41 30 32 0.000 0.000 0.000 0.206 0.258 0.052 Yes Yes Yes

C AR_304.22a 2.32 2.32 0.096 0.093 40 41 30 32 0.000 0.000 0.000 0.195 0.244 0.049 Yes Yes Yes

C AR_304.24 1.2 1.2 0.083 0.083 40 41 30 32 0.000 0.000 0.000 0.108 0.134 0.025 Yes Yes Yes

C AR_304.24a 1.98 1.98 0.092 0.087 40 42 30 33 0.000 0.002 0.002 0.170 0.260 0.090 Yes Yes Yes

C AR_304.25 0.37 0.37 0.083 0.083 40 49 30 41 0.000 0.005 0.005 0.033 0.138 0.104 Yes Yes Yes

C AR_304.26a 0.06 0.06 0.083 0.083 40 96 30 95 0.000 0.313 0.313 0.005 0.384 0.379 Yes Yes Yes

C AR_304.26b 0.05 0.05 0.083 0.083 40 54 30 47 0.000 0.010 0.010 0.004 0.040 0.036 Yes Yes Yes

C AR_304.28c 0.92 0.92 0.083 0.083 43 45 35 38 0.002 0.005 0.003 0.145 0.195 0.050 Yes Yes Yes

C AR_304.4 1.24 1.24 0.083 0.083 40 44 30 35 0.000 0.003 0.003 0.112 0.229 0.117 Yes Yes Yes

C AR_304.47a 0.16 0.16 0.083 0.083 40 42 30 33 0.000 0.000 0.000 0.014 0.021 0.007 Yes Yes Yes

C AR_304.47b 0.12 0.12 0.083 0.083 40 98 30 98 0.000 0.634 0.634 0.011 0.787 0.776 Yes Yes Yes

C AR_304.48 0.46 0.46 0.083 0.083 40 47 30 38 0.000 0.003 0.003 0.041 0.125 0.083 Yes Yes Yes

C AR_304.49 2.34 2.33 0.105 0.094 40 44 30 35 0.000 0.006 0.006 0.188 0.405 0.217 Yes Yes Yes

C AR_304.5 1.01 1.01 0.083 0.083 40 44 30 35 0.000 0.003 0.003 0.091 0.187 0.096 Yes Yes Yes

C AR_304.8 2.4 2.4 0.083 0.083 40 46 30 37 0.000 0.011 0.011 0.216 0.580 0.364 Yes Yes Yes

C AR_304.9 1.99 1.98 0.083 0.083 40 41 30 32 0.000 0.000 0.000 0.179 0.220 0.041 Yes Yes Yes

Notes:
1) TR20 flows from PondPack are based on actual CN information.
2) Spreadsheet conservative flows as noted per White Paper that are below 40 are adjusted updward so as to compute a determinant flow value.
3) P1yr=2.5 inches, P2yr=3.0 inches, P10yr=4.3 inches
4) The following Tc's were adjusted conservatively based on assessment of 3e review files: 36-014-AR2-POA_R007, C AR305.003, C AR305.003A
5) Only one reviewed DA ID (C AR_304.16) is not represented conservatively; however, the flow differential is equal to that of the TR-20 model results.

PondPack Sprdsht Adjusted 

6) Regulatory Compliance = Flows are conservatively high / features conservatively sized, and flow deltas from pre to post in spreadsheet are >= TR20 actual results.

Drainage Area Data 10-Year Flow (cfs) Spreadsheet Conservative and 
Compliance Assessment Summary

Attachment 1 - Drainage Area TR-20 Assessment Summary



38Unit Hydrograph Summary, 10 years

36-014-AR2-POA_R005 Pre

36Unit Hydrograph Summary, 10 years

36-014-AR2-POA_R005 Post

34Unit Hydrograph Summary, 10 years

36-014-AR2-POA_R004 Pre

32Unit Hydrograph Summary, 10 years

36-014-AR2-POA_R004 Post

30Unit Hydrograph Summary, 10 years

36-014-AR2-POA_R003 Pre

28Unit Hydrograph Summary, 10 years

36-014-AR2-POA_R003 Post

26Unit Hydrograph Summary, 10 years

36-014-AR2-POA_R002 Pre

24Unit Hydrograph Summary, 10 years

36-014-AR2-POA_R002 Post

22Unit Hydrograph Summary, 10 years

36-014-AR2-POA_R001 Pre

20Unit Hydrograph Summary, 10 years

36-014-AR2-POA_R001 Post

18Unit Hydrograph Summary, 10 years

06_001_C037.AR2_AOA_R1Pre

16Unit Hydrograph Summary, 10 years

06_001_C037.AR2_AOA_R1Post

14Unit Hydrograph Summary, 10 years

06_001_C037.AR2_AOA_C2Pre

12Unit Hydrograph Summary, 10 years

06_001_C037.AR2_AOA_C2Post

10Unit Hydrograph Summary, 10 years

06_001_C037.AR2_AOA_C15Pre

8Unit Hydrograph Summary, 10 years

06_001_C037.AR2_AOA_C15Post

6Time-Depth Curve, 10 yearsType II

1Master Network Summary

Table of Contents

Attachment 2 – PondPack Modeling Results



72Unit Hydrograph Summary, 10 years

C AR_304.19Post

70Unit Hydrograph Summary, 10 years

C AR_304.16Pre

68Unit Hydrograph Summary, 10 years

C AR_304.16Post

66Unit Hydrograph Summary, 10 years

C AR_304.15Pre

64Unit Hydrograph Summary, 10 years

C AR_304.15Post

62Unit Hydrograph Summary, 10 years

C AR_304.13 Pre

60Unit Hydrograph Summary, 10 years

C AR_304.13 Post

58Unit Hydrograph Summary, 10 years

C AR_304.11Pre

56Unit Hydrograph Summary, 10 years

C AR_304.11Post

54Unit Hydrograph Summary, 10 years

C AR_304.10*Pre

52Unit Hydrograph Summary, 10 years

C AR_304.10*Post

50Unit Hydrograph Summary, 10 years

C AR_304.10 Pre

48Unit Hydrograph Summary, 10 years

C AR_304.10 Post

46Unit Hydrograph Summary, 10 years

36-014-AR2-POA_R007Pre

44Unit Hydrograph Summary, 10 years

36-014-AR2-POA_R007Post

42Unit Hydrograph Summary, 10 years

36-014-AR2-POA_R006Pre

40Unit Hydrograph Summary, 10 years

36-014-AR2-POA_R006Post
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106Unit Hydrograph Summary, 10 years

C AR_304.26bPre

104Unit Hydrograph Summary, 10 years

C AR_304.26bPost

102Unit Hydrograph Summary, 10 years

C AR_304.26aPre

100Unit Hydrograph Summary, 10 years

C AR_304.26aPost

98Unit Hydrograph Summary, 10 years

C AR_304.25Pre

96Unit Hydrograph Summary, 10 years

C AR_304.25Post

94Unit Hydrograph Summary, 10 years

C AR_304.24Pre

92Unit Hydrograph Summary, 10 years

C AR_304.24Post

90Unit Hydrograph Summary, 10 years

C AR_304.24aPre

88Unit Hydrograph Summary, 10 years

C AR_304.24aPost

86Unit Hydrograph Summary, 10 years

C AR_304.22Pre

84Unit Hydrograph Summary, 10 years

C AR_304.22Post

82Unit Hydrograph Summary, 10 years

C AR_304.22aPre

80Unit Hydrograph Summary, 10 years

C AR_304.22aPost

78Unit Hydrograph Summary, 10 years

C AR_304.1Pre

76Unit Hydrograph Summary, 10 years

C AR_304.1Post

74Unit Hydrograph Summary, 10 years

C AR_304.19Pre
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140Unit Hydrograph Summary, 10 years

C AR_304.8Post

138Unit Hydrograph Summary, 10 years

C AR_304.5Pre

136Unit Hydrograph Summary, 10 years

C AR_304.5Post

134Unit Hydrograph Summary, 10 years

C AR_304.4Pre

132Unit Hydrograph Summary, 10 years

C AR_304.4Post

130Unit Hydrograph Summary, 10 years

C AR_304.49Pre

128Unit Hydrograph Summary, 10 years

C AR_304.49Post

126Unit Hydrograph Summary, 10 years

C AR_304.48Pre

124Unit Hydrograph Summary, 10 years

C AR_304.48Post

122Unit Hydrograph Summary, 10 years

C AR_304.47bPre

120Unit Hydrograph Summary, 10 years

C AR_304.47bPost

118Unit Hydrograph Summary, 10 years

C AR_304.47aPre

116Unit Hydrograph Summary, 10 years

C AR_304.47aPost

114Unit Hydrograph Summary, 10 years

C AR_304.2Pre

112Unit Hydrograph Summary, 10 years

C AR_304.2Post

110Unit Hydrograph Summary, 10 years

C AR_304.28cPre

108Unit Hydrograph Summary, 10 years

C AR_304.28cPost
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166Unit Hydrograph Summary, 10 years

C AR305.003Pre

164Unit Hydrograph Summary, 10 years

C AR305.003Post

162Unit Hydrograph Summary, 10 years

C AR305.003APre

160Unit Hydrograph Summary, 10 years

C AR305.003APost

158Unit Hydrograph Summary, 10 years

C AR305.002Pre

156Unit Hydrograph Summary, 10 years

C AR305.002Post

154Unit Hydrograph Summary, 10 years

C AR305.002APre

152Unit Hydrograph Summary, 10 years

C AR305.002APost

150Unit Hydrograph Summary, 10 years

C AR305.001Pre

148Unit Hydrograph Summary, 10 years

C AR305.001Post

146Unit Hydrograph Summary, 10 years

C AR_304.9Pre

144Unit Hydrograph Summary, 10 years

C AR_304.9Post

142Unit Hydrograph Summary, 10 years

C AR_304.8Pre



Subsection:  Master Network Summary

Catchments Summary
Peak Flow

(ft³/s)
Time to Peak

(hours)
Hydrograph 

Volume
(ft³)

Return 
Event

(years)

ScenarioLabel

0.000000.0000.0001010-YR06_001_C037.AR2_AO
A_C15Post

0.000000.0000.0001010-YR06_001_C037.AR2_AO
A_C15Pre

0.0063524.000171.0001010-YR06_001_C037.AR2_AO
A_C2Post

0.000000.0000.0001010-YR06_001_C037.AR2_AO
A_C2Pre

0.0091424.00065.0001010-YR06_001_C037.AR2_AO
A_R1Post

0.000000.0000.0001010-YR06_001_C037.AR2_AO
A_R1Pre

0.0861511.950212.0001010-YR36-014-AR2-
POA_R001 Post

0.000000.0000.0001010-YR36-014-AR2-
POA_R001 Pre

0.1095512.000427.0001010-YR36-014-AR2-
POA_R002 Post

0.000000.0000.0001010-YR36-014-AR2-
POA_R002 Pre

0.0128112.050247.0001010-YR36-014-AR2-
POA_R003 Post

0.000000.0000.0001010-YR36-014-AR2-
POA_R003 Pre

0.0051218.150167.0001010-YR36-014-AR2-
POA_R004 Post

0.000000.0000.0001010-YR36-014-AR2-
POA_R004 Pre

0.1459212.000520.0001010-YR36-014-AR2-
POA_R005 Post

0.000000.0000.0001010-YR36-014-AR2-
POA_R005 Pre

0.0343312.450848.0001010-YR36-014-AR2-
POA_R006Post

0.000000.0000.0001010-YR36-014-AR2-
POA_R006Pre

0.1691212.000881.0001010-YR36-014-AR2-
POA_R007Post

0.000000.0000.0001010-YR36-014-AR2-
POA_R007Pre

0.0078318.100255.0001010-YRC AR305.001Post
0.000000.0000.0001010-YRC AR305.001Pre
0.0074323.950152.0001010-YRC AR305.002APost
0.000000.0000.0001010-YRC AR305.002APre
0.0071223.950192.0001010-YRC AR305.002Post
0.000000.0000.0001010-YRC AR305.002Pre
0.0090517.500314.0001010-YRC AR305.003APost
0.000000.0000.0001010-YRC AR305.003APre
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2/11/2018

Bentley PondPack V8i
[08.11.01.56]

Bentley Systems, Inc.  Haestad Methods Solution 
Center00982_anl_tr20_v3.ppc



Subsection:  Master Network Summary

Catchments Summary
Peak Flow

(ft³/s)
Time to Peak

(hours)
Hydrograph 

Volume
(ft³)

Return 
Event

(years)

ScenarioLabel

0.0214024.000570.0001010-YRC AR305.003Post
0.000000.0000.0001010-YRC AR305.003Pre
0.0029224.00060.0001010-YRC AR_304.10 Post
0.000000.0000.0001010-YRC AR_304.10 Pre
0.000000.0000.0001010-YRC AR_304.10*Post
0.000000.0000.0001010-YRC AR_304.10*Pre
0.0020724.00015.0001010-YRC AR_304.11Post
0.000000.0000.0001010-YRC AR_304.11Pre
0.0154517.500536.0001010-YRC AR_304.13 Post
0.0092124.000248.0001010-YRC AR_304.13 Pre
0.0028524.00059.0001010-YRC AR_304.15Post
0.000000.0000.0001010-YRC AR_304.15Pre
0.000000.0000.0001010-YRC AR_304.16Post
0.000000.0000.0001010-YRC AR_304.16Pre
0.0077513.450262.0001010-YRC AR_304.19Post
0.000000.0000.0001010-YRC AR_304.19Pre
0.0030724.00083.0001010-YRC AR_304.1Post
0.000000.0000.0001010-YRC AR_304.1Pre
0.000000.0000.0001010-YRC AR_304.22Post
0.000000.0000.0001010-YRC AR_304.22Pre
0.000000.0000.0001010-YRC AR_304.22aPost
0.000000.0000.0001010-YRC AR_304.22aPre
0.000000.0000.0001010-YRC AR_304.24Post
0.000000.0000.0001010-YRC AR_304.24Pre
0.0017024.00012.0001010-YRC AR_304.24aPost
0.000000.0000.0001010-YRC AR_304.24aPre
0.0052412.950159.0001010-YRC AR_304.25Post
0.000000.0000.0001010-YRC AR_304.25Pre
0.3130511.900800.0001010-YRC AR_304.26aPost
0.000000.0000.0001010-YRC AR_304.26aPre
0.0097812.00051.0001010-YRC AR_304.26bPost
0.000000.0000.0001010-YRC AR_304.26bPre
0.0053717.500186.0001010-YRC AR_304.28cPost
0.0024024.00049.0001010-YRC AR_304.28cPre
0.0025817.50089.0001010-YRC AR_304.2Post
0.000000.0000.0001010-YRC AR_304.2Pre
0.0001424.0001.0001010-YRC AR_304.47aPost
0.000000.0000.0001010-YRC AR_304.47aPre
0.6340611.9001,702.0001010-YRC AR_304.47bPost
0.000000.0000.0001010-YRC AR_304.47bPre
0.0026717.50093.0001010-YRC AR_304.48Post
0.000000.0000.0001010-YRC AR_304.48Pre
0.0060824.000125.0001010-YRC AR_304.49Post
0.000000.0000.0001010-YRC AR_304.49Pre
0.0032424.00067.0001010-YRC AR_304.4Post
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Subsection:  Master Network Summary

Catchments Summary
Peak Flow

(ft³/s)
Time to Peak

(hours)
Hydrograph 

Volume
(ft³)

Return 
Event

(years)

ScenarioLabel

0.000000.0000.0001010-YRC AR_304.4Pre
0.0026424.00054.0001010-YRC AR_304.5Post
0.000000.0000.0001010-YRC AR_304.5Pre
0.0105918.100345.0001010-YRC AR_304.8Post
0.000000.0000.0001010-YRC AR_304.8Pre
0.000000.0000.0001010-YRC AR_304.9Post
0.000000.0000.0001010-YRC AR_304.9Pre

Node Summary
Peak Flow

(ft³/s)
Time to Peak

(hours)
Hydrograph 

Volume
(ft³)

Return 
Event

(years)

ScenarioLabel

0.0029224.00060.0001010-YR10 Post
0.000000.0000.0001010-YR10 Pre
0.0154517.500536.0001010-YR13 Post
0.0092124.000248.0001010-YR13 Pre
0.0017024.00012.0001010-YRO-100
0.000000.0000.0001010-YRO-101
0.0052412.950159.0001010-YRO-102
0.000000.0000.0001010-YRO-103
0.3130511.900800.0001010-YRO-104
0.000000.0000.0001010-YRO-105
0.0097812.00051.0001010-YRO-106
0.0024024.00049.0001010-YRO-107
0.0053717.500186.0001010-YRO-108
0.000000.0000.0001010-YRO-109
0.0032424.00067.0001010-YRO-110
0.000000.0000.0001010-YRO-111
0.0001424.0001.0001010-YRO-112
0.000000.0000.0001010-YRO-113
0.6340611.9001,702.0001010-YRO-114
0.000000.0000.0001010-YRO-115
0.0026717.50093.0001010-YRO-116
0.000000.0000.0001010-YRO-117
0.0060824.000125.0001010-YRO-118
0.000000.0000.0001010-YRO-119
0.0026424.00054.0001010-YRO-120
0.000000.0000.0001010-YRO-121
0.0105918.100345.0001010-YRO-122
0.000000.0000.0001010-YRO-123
0.000000.0000.0001010-YRO-124
0.000000.0000.0001010-YRO-49
0.0861511.950212.0001010-YRO-50
0.000000.0000.0001010-YRO-51
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Subsection:  Master Network Summary

Node Summary
Peak Flow

(ft³/s)
Time to Peak

(hours)
Hydrograph 

Volume
(ft³)

Return 
Event

(years)

ScenarioLabel

0.1095512.000427.0001010-YRO-52
0.000000.0000.0001010-YRO-53
0.0128112.050247.0001010-YRO-54
0.000000.0000.0001010-YRO-55
0.0051218.150167.0001010-YRO-56
0.000000.0000.0001010-YRO-57
0.1459212.000520.0001010-YRO-58
0.000000.0000.0001010-YRO-59
0.0343312.450848.0001010-YRO-60
0.000000.0000.0001010-YRO-61
0.1691212.000881.0001010-YRO-62
0.000000.0000.0001010-YRO-63
0.0078318.100255.0001010-YRO-64
0.000000.0000.0001010-YRO-65
0.0071223.950192.0001010-YRO-66
0.000000.0000.0001010-YRO-67
0.0074323.950152.0001010-YRO-68
0.000000.0000.0001010-YRO-69
0.0214024.000570.0001010-YRO-70
0.000000.0000.0001010-YRO-71
0.0090517.500314.0001010-YRO-72
0.000000.0000.0001010-YRO-73
0.000000.0000.0001010-YRO-74
0.000000.0000.0001010-YRO-75
0.0063524.000171.0001010-YRO-76
0.000000.0000.0001010-YRO-77
0.0091424.00065.0001010-YRO-78
0.000000.0000.0001010-YRO-79
0.0030724.00083.0001010-YRO-80
0.000000.0000.0001010-YRO-81
0.000000.0000.0001010-YRO-82
0.000000.0000.0001010-YRO-83
0.0020724.00015.0001010-YRO-84
0.000000.0000.0001010-YRO-85
0.0028524.00059.0001010-YRO-86
0.000000.0000.0001010-YRO-87
0.000000.0000.0001010-YRO-88
0.000000.0000.0001010-YRO-89
0.0077513.450262.0001010-YRO-90
0.000000.0000.0001010-YRO-91
0.0025817.50089.0001010-YRO-92
0.000000.0000.0001010-YRO-93
0.000000.0000.0001010-YRO-94
0.000000.0000.0001010-YRO-95
0.000000.0000.0001010-YRO-96
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Subsection:  Master Network Summary

Node Summary
Peak Flow

(ft³/s)
Time to Peak

(hours)
Hydrograph 

Volume
(ft³)

Return 
Event

(years)

ScenarioLabel

0.000000.0000.0001010-YRO-97
0.000000.0000.0001010-YRO-98
0.000000.0000.0001010-YRO-99
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Storm Event:  10-YRLabel:  Type II
Return Event:  10 yearsSubsection:  Time-Depth Curve

Time-Depth Curve:  10-YR                                                                                                                                        

10-YR                                                                                                     Label

hours0.000Start Time

hours0.100Increment

hours24.000End Time

years10Return Event

CUMULATIVE RAINFALL (in)
Output Time Increment = 0.100 hours

Time on left represents time for first value in each row.
Depth
(in)

Depth
(in)

Depth
(in)

Depth
(in)

Depth
(in)

Time
(hours)

0.00.00.00.00.00.000
0.00.00.00.00.00.500
0.10.10.10.00.01.000
0.10.10.10.10.11.500
0.10.10.10.10.12.000
0.10.10.10.10.12.500
0.20.20.20.20.13.000
0.20.20.20.20.23.500
0.20.20.20.20.24.000
0.30.30.20.20.24.500
0.30.30.30.30.35.000
0.30.30.30.30.35.500
0.40.40.40.30.36.000
0.40.40.40.40.46.500
0.50.40.40.40.47.000
0.50.50.50.50.57.500
0.60.50.50.50.58.000
0.60.60.60.60.68.500
0.70.70.70.60.69.000
0.80.70.70.70.79.500
0.80.80.80.80.810.000
1.00.90.90.90.910.500
1.21.11.11.01.011.000
2.41.81.51.31.211.500
3.13.03.02.92.812.000
3.33.23.23.23.112.500
3.43.43.33.33.313.000
3.53.53.43.43.413.500
3.53.53.53.53.514.000
3.63.63.63.63.614.500
3.73.73.73.63.615.000
3.73.73.73.73.715.500
3.83.83.83.73.716.000
3.83.83.83.83.816.500
3.93.93.83.83.817.000
3.93.93.93.93.917.500
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Storm Event:  10-YRLabel:  Type II
Return Event:  10 yearsSubsection:  Time-Depth Curve

CUMULATIVE RAINFALL (in)
Output Time Increment = 0.100 hours

Time on left represents time for first value in each row.
Depth
(in)

Depth
(in)

Depth
(in)

Depth
(in)

Depth
(in)

Time
(hours)

3.93.93.93.93.918.000
4.04.04.04.04.018.500
4.04.04.04.04.019.000
4.04.04.04.04.019.500
4.14.14.14.14.020.000
4.14.14.14.14.120.500
4.14.14.14.14.121.000
4.14.14.14.14.121.500
4.24.24.24.24.222.000
4.24.24.24.24.222.500
4.24.24.24.24.223.000
4.24.24.24.24.223.500

(N/A)(N/A)(N/A)(N/A)4.324.000
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Storm Event:  10-YRLabel:  06_001_C037.AR2_AOA_C15Post
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

10-YRStorm Event

years10Return Event

hours24.000Duration

in4.3Depth

hours0.117Time of Concentration 
(Composite)

acres4.220Area (User Defined)

hours0.016Computational Time 
Increment

hours0.000Time to Peak (Computed)

ft³/s0.00000Flow (Peak, Computed)

hours0.050Output Increment

hours0.000Time to Flow (Peak 
Interpolated Output)

ft³/s0.00000Flow (Peak Interpolated 
Output)

Drainage Area

32.000SCS CN (Composite)

acres4.220Area (User Defined)

in21.3Maximum Retention 
(Pervious)

in4.3Maximum Retention 
(Pervious, 20 percent)

Cumulative Runoff

in0.0Cumulative Runoff Depth 
(Pervious)

ft³0.000Runoff Volume (Pervious)

Hydrograph Volume (Area under Hydrograph curve)

ft³0.000Volume

SCS Unit Hydrograph Parameters

hours0.117Time of Concentration 
(Composite)

hours0.016Computational Time 
Increment

483.432Unit Hydrograph Shape 
Factor

0.749K Factor

1.670Receding/Rising, Tr/Tp

ft³/s40.86805Unit peak, qp

hours0.078Unit peak time, Tp
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Storm Event:  10-YRLabel:  06_001_C037.AR2_AOA_C15Post
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

SCS Unit Hydrograph Parameters

hours0.312Unit receding limb, Tr

hours0.390Total unit time, Tb
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Storm Event:  10-YRLabel:  06_001_C037.AR2_AOA_C15Pre
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

10-YRStorm Event

years10Return Event

hours24.000Duration

in4.3Depth

hours0.120Time of Concentration 
(Composite)

acres4.210Area (User Defined)

hours0.016Computational Time 
Increment

hours0.000Time to Peak (Computed)

ft³/s0.00000Flow (Peak, Computed)

hours0.050Output Increment

hours0.000Time to Flow (Peak 
Interpolated Output)

ft³/s0.00000Flow (Peak Interpolated 
Output)

Drainage Area

30.000SCS CN (Composite)

acres4.210Area (User Defined)

in23.3Maximum Retention 
(Pervious)

in4.7Maximum Retention 
(Pervious, 20 percent)

Cumulative Runoff

in0.0Cumulative Runoff Depth 
(Pervious)

ft³0.000Runoff Volume (Pervious)

Hydrograph Volume (Area under Hydrograph curve)

ft³0.000Volume

SCS Unit Hydrograph Parameters

hours0.120Time of Concentration 
(Composite)

hours0.016Computational Time 
Increment

483.432Unit Hydrograph Shape 
Factor

0.749K Factor

1.670Receding/Rising, Tr/Tp

ft³/s39.75192Unit peak, qp

hours0.080Unit peak time, Tp
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Storm Event:  10-YRLabel:  06_001_C037.AR2_AOA_C15Pre
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

SCS Unit Hydrograph Parameters

hours0.320Unit receding limb, Tr

hours0.400Total unit time, Tb
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Storm Event:  10-YRLabel:  06_001_C037.AR2_AOA_C2Post
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

10-YRStorm Event

years10Return Event

hours24.000Duration

in4.3Depth

hours0.083Time of Concentration 
(Composite)

acres1.820Area (User Defined)

hours0.011Computational Time 
Increment

hours23.999Time to Peak (Computed)

ft³/s0.00635Flow (Peak, Computed)

hours0.050Output Increment

hours24.000Time to Flow (Peak 
Interpolated Output)

ft³/s0.00635Flow (Peak Interpolated 
Output)

Drainage Area

36.000SCS CN (Composite)

acres1.820Area (User Defined)

in17.8Maximum Retention 
(Pervious)

in3.6Maximum Retention 
(Pervious, 20 percent)

Cumulative Runoff

in0.0Cumulative Runoff Depth 
(Pervious)

ft³172.486Runoff Volume (Pervious)

Hydrograph Volume (Area under Hydrograph curve)

ft³171.000Volume

SCS Unit Hydrograph Parameters

hours0.083Time of Concentration 
(Composite)

hours0.011Computational Time 
Increment

483.432Unit Hydrograph Shape 
Factor

0.749K Factor

1.670Receding/Rising, Tr/Tp

ft³/s24.74628Unit peak, qp

hours0.056Unit peak time, Tp
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Storm Event:  10-YRLabel:  06_001_C037.AR2_AOA_C2Post
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

SCS Unit Hydrograph Parameters

hours0.222Unit receding limb, Tr

hours0.278Total unit time, Tb
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Storm Event:  10-YRLabel:  06_001_C037.AR2_AOA_C2Pre
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

10-YRStorm Event

years10Return Event

hours24.000Duration

in4.3Depth

hours0.083Time of Concentration 
(Composite)

acres1.820Area (User Defined)

hours0.011Computational Time 
Increment

hours0.000Time to Peak (Computed)

ft³/s0.00000Flow (Peak, Computed)

hours0.050Output Increment

hours0.000Time to Flow (Peak 
Interpolated Output)

ft³/s0.00000Flow (Peak Interpolated 
Output)

Drainage Area

30.000SCS CN (Composite)

acres1.820Area (User Defined)

in23.3Maximum Retention 
(Pervious)

in4.7Maximum Retention 
(Pervious, 20 percent)

Cumulative Runoff

in0.0Cumulative Runoff Depth 
(Pervious)

ft³0.000Runoff Volume (Pervious)

Hydrograph Volume (Area under Hydrograph curve)

ft³0.000Volume

SCS Unit Hydrograph Parameters

hours0.083Time of Concentration 
(Composite)

hours0.011Computational Time 
Increment

483.432Unit Hydrograph Shape 
Factor

0.749K Factor

1.670Receding/Rising, Tr/Tp

ft³/s24.74628Unit peak, qp

hours0.056Unit peak time, Tp
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Storm Event:  10-YRLabel:  06_001_C037.AR2_AOA_C2Pre
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

SCS Unit Hydrograph Parameters

hours0.222Unit receding limb, Tr

hours0.278Total unit time, Tb
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Storm Event:  10-YRLabel:  06_001_C037.AR2_AOA_R1Post
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

10-YRStorm Event

years10Return Event

hours24.000Duration

in4.3Depth

hours0.133Time of Concentration 
(Composite)

acres10.770Area (User Defined)

hours0.018Computational Time 
Increment

hours23.993Time to Peak (Computed)

ft³/s0.00916Flow (Peak, Computed)

hours0.050Output Increment

hours24.000Time to Flow (Peak 
Interpolated Output)

ft³/s0.00914Flow (Peak Interpolated 
Output)

Drainage Area

33.000SCS CN (Composite)

acres10.770Area (User Defined)

in20.3Maximum Retention 
(Pervious)

in4.1Maximum Retention 
(Pervious, 20 percent)

Cumulative Runoff

in0.0Cumulative Runoff Depth 
(Pervious)

ft³68.239Runoff Volume (Pervious)

Hydrograph Volume (Area under Hydrograph curve)

ft³65.000Volume

SCS Unit Hydrograph Parameters

hours0.133Time of Concentration 
(Composite)

hours0.018Computational Time 
Increment

483.432Unit Hydrograph Shape 
Factor

0.749K Factor

1.670Receding/Rising, Tr/Tp

ft³/s91.75323Unit peak, qp

hours0.089Unit peak time, Tp
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Storm Event:  10-YRLabel:  06_001_C037.AR2_AOA_R1Post
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

SCS Unit Hydrograph Parameters

hours0.355Unit receding limb, Tr

hours0.443Total unit time, Tb
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Storm Event:  10-YRLabel:  06_001_C037.AR2_AOA_R1Pre
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

10-YRStorm Event

years10Return Event

hours24.000Duration

in4.3Depth

hours0.133Time of Concentration 
(Composite)

acres10.770Area (User Defined)

hours0.018Computational Time 
Increment

hours0.000Time to Peak (Computed)

ft³/s0.00000Flow (Peak, Computed)

hours0.050Output Increment

hours0.000Time to Flow (Peak 
Interpolated Output)

ft³/s0.00000Flow (Peak Interpolated 
Output)

Drainage Area

30.000SCS CN (Composite)

acres10.770Area (User Defined)

in23.3Maximum Retention 
(Pervious)

in4.7Maximum Retention 
(Pervious, 20 percent)

Cumulative Runoff

in0.0Cumulative Runoff Depth 
(Pervious)

ft³0.000Runoff Volume (Pervious)

Hydrograph Volume (Area under Hydrograph curve)

ft³0.000Volume

SCS Unit Hydrograph Parameters

hours0.133Time of Concentration 
(Composite)

hours0.018Computational Time 
Increment

483.432Unit Hydrograph Shape 
Factor

0.749K Factor

1.670Receding/Rising, Tr/Tp

ft³/s91.75323Unit peak, qp

hours0.089Unit peak time, Tp
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Storm Event:  10-YRLabel:  06_001_C037.AR2_AOA_R1Pre
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

SCS Unit Hydrograph Parameters

hours0.355Unit receding limb, Tr

hours0.443Total unit time, Tb
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Storm Event:  10-YRLabel:  36-014-AR2-POA_R001 Post
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

10-YRStorm Event

years10Return Event

hours24.000Duration

in4.3Depth

hours0.083Time of Concentration 
(Composite)

acres0.045Area (User Defined)

hours0.011Computational Time 
Increment

hours11.933Time to Peak (Computed)

ft³/s0.08802Flow (Peak, Computed)

hours0.050Output Increment

hours11.950Time to Flow (Peak 
Interpolated Output)

ft³/s0.08615Flow (Peak Interpolated 
Output)

Drainage Area

67.000SCS CN (Composite)

acres0.045Area (User Defined)

in4.9Maximum Retention 
(Pervious)

in1.0Maximum Retention 
(Pervious, 20 percent)

Cumulative Runoff

in1.3Cumulative Runoff Depth 
(Pervious)

ft³212.606Runoff Volume (Pervious)

Hydrograph Volume (Area under Hydrograph curve)

ft³212.000Volume

SCS Unit Hydrograph Parameters

hours0.083Time of Concentration 
(Composite)

hours0.011Computational Time 
Increment

483.432Unit Hydrograph Shape 
Factor

0.749K Factor

1.670Receding/Rising, Tr/Tp

ft³/s0.61186Unit peak, qp

hours0.056Unit peak time, Tp
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Storm Event:  10-YRLabel:  36-014-AR2-POA_R001 Post
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

SCS Unit Hydrograph Parameters

hours0.222Unit receding limb, Tr

hours0.278Total unit time, Tb
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Storm Event:  10-YRLabel:  36-014-AR2-POA_R001 Pre
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

10-YRStorm Event

years10Return Event

hours24.000Duration

in4.3Depth

hours0.083Time of Concentration 
(Composite)

acres0.045Area (User Defined)

hours0.011Computational Time 
Increment

hours0.000Time to Peak (Computed)

ft³/s0.00000Flow (Peak, Computed)

hours0.050Output Increment

hours0.000Time to Flow (Peak 
Interpolated Output)

ft³/s0.00000Flow (Peak Interpolated 
Output)

Drainage Area

30.000SCS CN (Composite)

acres0.045Area (User Defined)

in23.3Maximum Retention 
(Pervious)

in4.7Maximum Retention 
(Pervious, 20 percent)

Cumulative Runoff

in0.0Cumulative Runoff Depth 
(Pervious)

ft³0.000Runoff Volume (Pervious)

Hydrograph Volume (Area under Hydrograph curve)

ft³0.000Volume

SCS Unit Hydrograph Parameters

hours0.083Time of Concentration 
(Composite)

hours0.011Computational Time 
Increment

483.432Unit Hydrograph Shape 
Factor

0.749K Factor

1.670Receding/Rising, Tr/Tp

ft³/s0.61186Unit peak, qp

hours0.056Unit peak time, Tp
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Storm Event:  10-YRLabel:  36-014-AR2-POA_R001 Pre
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

SCS Unit Hydrograph Parameters

hours0.222Unit receding limb, Tr

hours0.278Total unit time, Tb
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Storm Event:  10-YRLabel:  36-014-AR2-POA_R002 Post
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

10-YRStorm Event

years10Return Event

hours24.000Duration

in4.3Depth

hours0.083Time of Concentration 
(Composite)

acres0.316Area (User Defined)

hours0.011Computational Time 
Increment

hours12.022Time to Peak (Computed)

ft³/s0.11943Flow (Peak, Computed)

hours0.050Output Increment

hours12.000Time to Flow (Peak 
Interpolated Output)

ft³/s0.10955Flow (Peak Interpolated 
Output)

Drainage Area

49.000SCS CN (Composite)

acres0.316Area (User Defined)

in10.4Maximum Retention 
(Pervious)

in2.1Maximum Retention 
(Pervious, 20 percent)

Cumulative Runoff

in0.4Cumulative Runoff Depth 
(Pervious)

ft³428.859Runoff Volume (Pervious)

Hydrograph Volume (Area under Hydrograph curve)

ft³427.000Volume

SCS Unit Hydrograph Parameters

hours0.083Time of Concentration 
(Composite)

hours0.011Computational Time 
Increment

483.432Unit Hydrograph Shape 
Factor

0.749K Factor

1.670Receding/Rising, Tr/Tp

ft³/s4.29661Unit peak, qp

hours0.056Unit peak time, Tp
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Storm Event:  10-YRLabel:  36-014-AR2-POA_R002 Post
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

SCS Unit Hydrograph Parameters

hours0.222Unit receding limb, Tr

hours0.278Total unit time, Tb
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Storm Event:  10-YRLabel:  36-014-AR2-POA_R002 Pre
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

10-YRStorm Event

years10Return Event

hours24.000Duration

in4.3Depth

hours0.083Time of Concentration 
(Composite)

acres0.316Area (User Defined)

hours0.011Computational Time 
Increment

hours0.000Time to Peak (Computed)

ft³/s0.00000Flow (Peak, Computed)

hours0.050Output Increment

hours0.000Time to Flow (Peak 
Interpolated Output)

ft³/s0.00000Flow (Peak Interpolated 
Output)

Drainage Area

30.000SCS CN (Composite)

acres0.316Area (User Defined)

in23.3Maximum Retention 
(Pervious)

in4.7Maximum Retention 
(Pervious, 20 percent)

Cumulative Runoff

in0.0Cumulative Runoff Depth 
(Pervious)

ft³0.000Runoff Volume (Pervious)

Hydrograph Volume (Area under Hydrograph curve)

ft³0.000Volume

SCS Unit Hydrograph Parameters

hours0.083Time of Concentration 
(Composite)

hours0.011Computational Time 
Increment

483.432Unit Hydrograph Shape 
Factor

0.749K Factor

1.670Receding/Rising, Tr/Tp

ft³/s4.29661Unit peak, qp

hours0.056Unit peak time, Tp
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Storm Event:  10-YRLabel:  36-014-AR2-POA_R002 Pre
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

SCS Unit Hydrograph Parameters

hours0.222Unit receding limb, Tr

hours0.278Total unit time, Tb
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Storm Event:  10-YRLabel:  36-014-AR2-POA_R003 Post
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

10-YRStorm Event

years10Return Event

hours24.000Duration

in4.3Depth

hours0.083Time of Concentration 
(Composite)

acres0.397Area (User Defined)

hours0.011Computational Time 
Increment

hours12.044Time to Peak (Computed)

ft³/s0.01282Flow (Peak, Computed)

hours0.050Output Increment

hours12.050Time to Flow (Peak 
Interpolated Output)

ft³/s0.01281Flow (Peak Interpolated 
Output)

Drainage Area

43.000SCS CN (Composite)

acres0.397Area (User Defined)

in13.3Maximum Retention 
(Pervious)

in2.7Maximum Retention 
(Pervious, 20 percent)

Cumulative Runoff

in0.2Cumulative Runoff Depth 
(Pervious)

ft³248.008Runoff Volume (Pervious)

Hydrograph Volume (Area under Hydrograph curve)

ft³247.000Volume

SCS Unit Hydrograph Parameters

hours0.083Time of Concentration 
(Composite)

hours0.011Computational Time 
Increment

483.432Unit Hydrograph Shape 
Factor

0.749K Factor

1.670Receding/Rising, Tr/Tp

ft³/s5.39795Unit peak, qp

hours0.056Unit peak time, Tp
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Storm Event:  10-YRLabel:  36-014-AR2-POA_R003 Post
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

SCS Unit Hydrograph Parameters

hours0.222Unit receding limb, Tr

hours0.278Total unit time, Tb
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Storm Event:  10-YRLabel:  36-014-AR2-POA_R003 Pre
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

10-YRStorm Event

years10Return Event

hours24.000Duration

in4.3Depth

hours0.083Time of Concentration 
(Composite)

acres0.397Area (User Defined)

hours0.011Computational Time 
Increment

hours0.000Time to Peak (Computed)

ft³/s0.00000Flow (Peak, Computed)

hours0.050Output Increment

hours0.000Time to Flow (Peak 
Interpolated Output)

ft³/s0.00000Flow (Peak Interpolated 
Output)

Drainage Area

30.000SCS CN (Composite)

acres0.397Area (User Defined)

in23.3Maximum Retention 
(Pervious)

in4.7Maximum Retention 
(Pervious, 20 percent)

Cumulative Runoff

in0.0Cumulative Runoff Depth 
(Pervious)

ft³0.000Runoff Volume (Pervious)

Hydrograph Volume (Area under Hydrograph curve)

ft³0.000Volume

SCS Unit Hydrograph Parameters

hours0.083Time of Concentration 
(Composite)

hours0.011Computational Time 
Increment

483.432Unit Hydrograph Shape 
Factor

0.749K Factor

1.670Receding/Rising, Tr/Tp

ft³/s5.39795Unit peak, qp

hours0.056Unit peak time, Tp
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Storm Event:  10-YRLabel:  36-014-AR2-POA_R003 Pre
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

SCS Unit Hydrograph Parameters

hours0.222Unit receding limb, Tr

hours0.278Total unit time, Tb
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Storm Event:  10-YRLabel:  36-014-AR2-POA_R004 Post
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

10-YRStorm Event

years10Return Event

hours24.000Duration

in4.3Depth

hours0.100Time of Concentration 
(Composite)

acres1.161Area (User Defined)

hours0.013Computational Time 
Increment

hours18.133Time to Peak (Computed)

ft³/s0.00513Flow (Peak, Computed)

hours0.050Output Increment

hours18.150Time to Flow (Peak 
Interpolated Output)

ft³/s0.00512Flow (Peak Interpolated 
Output)

Drainage Area

37.000SCS CN (Composite)

acres1.161Area (User Defined)

in17.0Maximum Retention 
(Pervious)

in3.4Maximum Retention 
(Pervious, 20 percent)

Cumulative Runoff

in0.0Cumulative Runoff Depth 
(Pervious)

ft³168.233Runoff Volume (Pervious)

Hydrograph Volume (Area under Hydrograph curve)

ft³167.000Volume

SCS Unit Hydrograph Parameters

hours0.100Time of Concentration 
(Composite)

hours0.013Computational Time 
Increment

483.432Unit Hydrograph Shape 
Factor

0.749K Factor

1.670Receding/Rising, Tr/Tp

ft³/s13.15496Unit peak, qp

hours0.067Unit peak time, Tp
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Storm Event:  10-YRLabel:  36-014-AR2-POA_R004 Post
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

SCS Unit Hydrograph Parameters

hours0.267Unit receding limb, Tr

hours0.333Total unit time, Tb
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Storm Event:  10-YRLabel:  36-014-AR2-POA_R004 Pre
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

10-YRStorm Event

years10Return Event

hours24.000Duration

in4.3Depth

hours0.117Time of Concentration 
(Composite)

acres1.161Area (User Defined)

hours0.016Computational Time 
Increment

hours0.000Time to Peak (Computed)

ft³/s0.00000Flow (Peak, Computed)

hours0.050Output Increment

hours0.000Time to Flow (Peak 
Interpolated Output)

ft³/s0.00000Flow (Peak Interpolated 
Output)

Drainage Area

30.000SCS CN (Composite)

acres1.161Area (User Defined)

in23.3Maximum Retention 
(Pervious)

in4.7Maximum Retention 
(Pervious, 20 percent)

Cumulative Runoff

in0.0Cumulative Runoff Depth 
(Pervious)

ft³0.000Runoff Volume (Pervious)

Hydrograph Volume (Area under Hydrograph curve)

ft³0.000Volume

SCS Unit Hydrograph Parameters

hours0.117Time of Concentration 
(Composite)

hours0.016Computational Time 
Increment

483.432Unit Hydrograph Shape 
Factor

0.749K Factor

1.670Receding/Rising, Tr/Tp

ft³/s11.24355Unit peak, qp

hours0.078Unit peak time, Tp
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Storm Event:  10-YRLabel:  36-014-AR2-POA_R004 Pre
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

SCS Unit Hydrograph Parameters

hours0.312Unit receding limb, Tr

hours0.390Total unit time, Tb
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Storm Event:  10-YRLabel:  36-014-AR2-POA_R005 Post
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

10-YRStorm Event

years10Return Event

hours24.000Duration

in4.3Depth

hours0.083Time of Concentration 
(Composite)

acres0.348Area (User Defined)

hours0.011Computational Time 
Increment

hours12.022Time to Peak (Computed)

ft³/s0.15544Flow (Peak, Computed)

hours0.050Output Increment

hours12.000Time to Flow (Peak 
Interpolated Output)

ft³/s0.14592Flow (Peak Interpolated 
Output)

Drainage Area

50.000SCS CN (Composite)

acres0.348Area (User Defined)

in10.0Maximum Retention 
(Pervious)

in2.0Maximum Retention 
(Pervious, 20 percent)

Cumulative Runoff

in0.4Cumulative Runoff Depth 
(Pervious)

ft³522.071Runoff Volume (Pervious)

Hydrograph Volume (Area under Hydrograph curve)

ft³520.000Volume

SCS Unit Hydrograph Parameters

hours0.083Time of Concentration 
(Composite)

hours0.011Computational Time 
Increment

483.432Unit Hydrograph Shape 
Factor

0.749K Factor

1.670Receding/Rising, Tr/Tp

ft³/s4.73171Unit peak, qp

hours0.056Unit peak time, Tp
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Storm Event:  10-YRLabel:  36-014-AR2-POA_R005 Post
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

SCS Unit Hydrograph Parameters

hours0.222Unit receding limb, Tr

hours0.278Total unit time, Tb
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Storm Event:  10-YRLabel:  36-014-AR2-POA_R005 Pre
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

10-YRStorm Event

years10Return Event

hours24.000Duration

in4.3Depth

hours0.083Time of Concentration 
(Composite)

acres0.348Area (User Defined)

hours0.011Computational Time 
Increment

hours0.000Time to Peak (Computed)

ft³/s0.00000Flow (Peak, Computed)

hours0.050Output Increment

hours0.000Time to Flow (Peak 
Interpolated Output)

ft³/s0.00000Flow (Peak Interpolated 
Output)

Drainage Area

30.000SCS CN (Composite)

acres0.348Area (User Defined)

in23.3Maximum Retention 
(Pervious)

in4.7Maximum Retention 
(Pervious, 20 percent)

Cumulative Runoff

in0.0Cumulative Runoff Depth 
(Pervious)

ft³0.000Runoff Volume (Pervious)

Hydrograph Volume (Area under Hydrograph curve)

ft³0.000Volume

SCS Unit Hydrograph Parameters

hours0.083Time of Concentration 
(Composite)

hours0.011Computational Time 
Increment

483.432Unit Hydrograph Shape 
Factor

0.749K Factor

1.670Receding/Rising, Tr/Tp

ft³/s4.73171Unit peak, qp

hours0.056Unit peak time, Tp
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Storm Event:  10-YRLabel:  36-014-AR2-POA_R005 Pre
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

SCS Unit Hydrograph Parameters

hours0.222Unit receding limb, Tr

hours0.278Total unit time, Tb
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Storm Event:  10-YRLabel:  36-014-AR2-POA_R006Post
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

10-YRStorm Event

years10Return Event

hours24.000Duration

in4.3Depth

hours0.136Time of Concentration 
(Composite)

acres1.625Area (User Defined)

hours0.018Computational Time 
Increment

hours12.439Time to Peak (Computed)

ft³/s0.03437Flow (Peak, Computed)

hours0.050Output Increment

hours12.450Time to Flow (Peak 
Interpolated Output)

ft³/s0.03433Flow (Peak Interpolated 
Output)

Drainage Area

42.000SCS CN (Composite)

acres1.625Area (User Defined)

in13.8Maximum Retention 
(Pervious)

in2.8Maximum Retention 
(Pervious, 20 percent)

Cumulative Runoff

in0.1Cumulative Runoff Depth 
(Pervious)

ft³853.928Runoff Volume (Pervious)

Hydrograph Volume (Area under Hydrograph curve)

ft³848.000Volume

SCS Unit Hydrograph Parameters

hours0.136Time of Concentration 
(Composite)

hours0.018Computational Time 
Increment

483.432Unit Hydrograph Shape 
Factor

0.749K Factor

1.670Receding/Rising, Tr/Tp

ft³/s13.53854Unit peak, qp

hours0.091Unit peak time, Tp
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Storm Event:  10-YRLabel:  36-014-AR2-POA_R006Post
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

SCS Unit Hydrograph Parameters

hours0.363Unit receding limb, Tr

hours0.453Total unit time, Tb
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Storm Event:  10-YRLabel:  36-014-AR2-POA_R006Pre
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

10-YRStorm Event

years10Return Event

hours24.000Duration

in4.3Depth

hours0.181Time of Concentration 
(Composite)

acres1.625Area (User Defined)

hours0.024Computational Time 
Increment

hours0.000Time to Peak (Computed)

ft³/s0.00000Flow (Peak, Computed)

hours0.050Output Increment

hours0.000Time to Flow (Peak 
Interpolated Output)

ft³/s0.00000Flow (Peak Interpolated 
Output)

Drainage Area

30.000SCS CN (Composite)

acres1.625Area (User Defined)

in23.3Maximum Retention 
(Pervious)

in4.7Maximum Retention 
(Pervious, 20 percent)

Cumulative Runoff

in0.0Cumulative Runoff Depth 
(Pervious)

ft³0.000Runoff Volume (Pervious)

Hydrograph Volume (Area under Hydrograph curve)

ft³0.000Volume

SCS Unit Hydrograph Parameters

hours0.181Time of Concentration 
(Composite)

hours0.024Computational Time 
Increment

483.432Unit Hydrograph Shape 
Factor

0.749K Factor

1.670Receding/Rising, Tr/Tp

ft³/s10.17260Unit peak, qp

hours0.121Unit peak time, Tp
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Storm Event:  10-YRLabel:  36-014-AR2-POA_R006Pre
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

SCS Unit Hydrograph Parameters

hours0.483Unit receding limb, Tr

hours0.603Total unit time, Tb
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Storm Event:  10-YRLabel:  36-014-AR2-POA_R007Post
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

10-YRStorm Event

years10Return Event

hours24.000Duration

in4.3Depth

hours0.083Time of Concentration 
(Composite)

acres0.813Area (User Defined)

hours0.011Computational Time 
Increment

hours12.022Time to Peak (Computed)

ft³/s0.19900Flow (Peak, Computed)

hours0.050Output Increment

hours12.000Time to Flow (Peak 
Interpolated Output)

ft³/s0.16912Flow (Peak Interpolated 
Output)

Drainage Area

47.000SCS CN (Composite)

acres0.813Area (User Defined)

in11.3Maximum Retention 
(Pervious)

in2.3Maximum Retention 
(Pervious, 20 percent)

Cumulative Runoff

in0.3Cumulative Runoff Depth 
(Pervious)

ft³884.807Runoff Volume (Pervious)

Hydrograph Volume (Area under Hydrograph curve)

ft³881.000Volume

SCS Unit Hydrograph Parameters

hours0.083Time of Concentration 
(Composite)

hours0.011Computational Time 
Increment

483.432Unit Hydrograph Shape 
Factor

0.749K Factor

1.670Receding/Rising, Tr/Tp

ft³/s11.05424Unit peak, qp

hours0.056Unit peak time, Tp
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Storm Event:  10-YRLabel:  36-014-AR2-POA_R007Post
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

SCS Unit Hydrograph Parameters

hours0.222Unit receding limb, Tr

hours0.278Total unit time, Tb
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Storm Event:  10-YRLabel:  36-014-AR2-POA_R007Pre
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

10-YRStorm Event

years10Return Event

hours24.000Duration

in4.3Depth

hours0.086Time of Concentration 
(Composite)

acres0.813Area (User Defined)

hours0.011Computational Time 
Increment

hours0.000Time to Peak (Computed)

ft³/s0.00000Flow (Peak, Computed)

hours0.050Output Increment

hours0.000Time to Flow (Peak 
Interpolated Output)

ft³/s0.00000Flow (Peak Interpolated 
Output)

Drainage Area

30.000SCS CN (Composite)

acres0.813Area (User Defined)

in23.3Maximum Retention 
(Pervious)

in4.7Maximum Retention 
(Pervious, 20 percent)

Cumulative Runoff

in0.0Cumulative Runoff Depth 
(Pervious)

ft³0.000Runoff Volume (Pervious)

Hydrograph Volume (Area under Hydrograph curve)

ft³0.000Volume

SCS Unit Hydrograph Parameters

hours0.086Time of Concentration 
(Composite)

hours0.011Computational Time 
Increment

483.432Unit Hydrograph Shape 
Factor

0.749K Factor

1.670Receding/Rising, Tr/Tp

ft³/s10.71148Unit peak, qp

hours0.057Unit peak time, Tp
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Storm Event:  10-YRLabel:  36-014-AR2-POA_R007Pre
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

SCS Unit Hydrograph Parameters

hours0.229Unit receding limb, Tr

hours0.287Total unit time, Tb
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Storm Event:  10-YRLabel:  C AR_304.10 Post
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

10-YRStorm Event

years10Return Event

hours24.000Duration

in4.3Depth

hours0.083Time of Concentration 
(Composite)

acres1.120Area (User Defined)

hours0.011Computational Time 
Increment

hours23.999Time to Peak (Computed)

ft³/s0.00293Flow (Peak, Computed)

hours0.050Output Increment

hours24.000Time to Flow (Peak 
Interpolated Output)

ft³/s0.00292Flow (Peak Interpolated 
Output)

Drainage Area

35.000SCS CN (Composite)

acres1.120Area (User Defined)

in18.6Maximum Retention 
(Pervious)

in3.7Maximum Retention 
(Pervious, 20 percent)

Cumulative Runoff

in0.0Cumulative Runoff Depth 
(Pervious)

ft³61.062Runoff Volume (Pervious)

Hydrograph Volume (Area under Hydrograph curve)

ft³60.000Volume

SCS Unit Hydrograph Parameters

hours0.083Time of Concentration 
(Composite)

hours0.011Computational Time 
Increment

483.432Unit Hydrograph Shape 
Factor

0.749K Factor

1.670Receding/Rising, Tr/Tp

ft³/s15.22848Unit peak, qp

hours0.056Unit peak time, Tp
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Storm Event:  10-YRLabel:  C AR_304.10 Post
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

SCS Unit Hydrograph Parameters

hours0.222Unit receding limb, Tr

hours0.278Total unit time, Tb
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Storm Event:  10-YRLabel:  C AR_304.10 Pre
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

10-YRStorm Event

years10Return Event

hours24.000Duration

in4.3Depth

hours0.083Time of Concentration 
(Composite)

acres1.120Area (User Defined)

hours0.011Computational Time 
Increment

hours0.000Time to Peak (Computed)

ft³/s0.00000Flow (Peak, Computed)

hours0.050Output Increment

hours0.000Time to Flow (Peak 
Interpolated Output)

ft³/s0.00000Flow (Peak Interpolated 
Output)

Drainage Area

30.000SCS CN (Composite)

acres1.120Area (User Defined)

in23.3Maximum Retention 
(Pervious)

in4.7Maximum Retention 
(Pervious, 20 percent)

Cumulative Runoff

in0.0Cumulative Runoff Depth 
(Pervious)

ft³0.000Runoff Volume (Pervious)

Hydrograph Volume (Area under Hydrograph curve)

ft³0.000Volume

SCS Unit Hydrograph Parameters

hours0.083Time of Concentration 
(Composite)

hours0.011Computational Time 
Increment

483.432Unit Hydrograph Shape 
Factor

0.749K Factor

1.670Receding/Rising, Tr/Tp

ft³/s15.22848Unit peak, qp

hours0.056Unit peak time, Tp
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Storm Event:  10-YRLabel:  C AR_304.10 Pre
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

SCS Unit Hydrograph Parameters

hours0.222Unit receding limb, Tr

hours0.278Total unit time, Tb
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Storm Event:  10-YRLabel:  C AR_304.10*Post
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

10-YRStorm Event

years10Return Event

hours24.000Duration

in4.3Depth

hours0.083Time of Concentration 
(Composite)

acres1.700Area (User Defined)

hours0.011Computational Time 
Increment

hours0.000Time to Peak (Computed)

ft³/s0.00000Flow (Peak, Computed)

hours0.050Output Increment

hours0.000Time to Flow (Peak 
Interpolated Output)

ft³/s0.00000Flow (Peak Interpolated 
Output)

Drainage Area

32.000SCS CN (Composite)

acres1.700Area (User Defined)

in21.3Maximum Retention 
(Pervious)

in4.3Maximum Retention 
(Pervious, 20 percent)

Cumulative Runoff

in0.0Cumulative Runoff Depth 
(Pervious)

ft³0.000Runoff Volume (Pervious)

Hydrograph Volume (Area under Hydrograph curve)

ft³0.000Volume

SCS Unit Hydrograph Parameters

hours0.083Time of Concentration 
(Composite)

hours0.011Computational Time 
Increment

483.432Unit Hydrograph Shape 
Factor

0.749K Factor

1.670Receding/Rising, Tr/Tp

ft³/s23.11466Unit peak, qp

hours0.056Unit peak time, Tp
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Storm Event:  10-YRLabel:  C AR_304.10*Post
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

SCS Unit Hydrograph Parameters

hours0.222Unit receding limb, Tr

hours0.278Total unit time, Tb
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Storm Event:  10-YRLabel:  C AR_304.10*Pre
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

10-YRStorm Event

years10Return Event

hours24.000Duration

in4.3Depth

hours0.083Time of Concentration 
(Composite)

acres1.700Area (User Defined)

hours0.011Computational Time 
Increment

hours0.000Time to Peak (Computed)

ft³/s0.00000Flow (Peak, Computed)

hours0.050Output Increment

hours0.000Time to Flow (Peak 
Interpolated Output)

ft³/s0.00000Flow (Peak Interpolated 
Output)

Drainage Area

30.000SCS CN (Composite)

acres1.700Area (User Defined)

in23.3Maximum Retention 
(Pervious)

in4.7Maximum Retention 
(Pervious, 20 percent)

Cumulative Runoff

in0.0Cumulative Runoff Depth 
(Pervious)

ft³0.000Runoff Volume (Pervious)

Hydrograph Volume (Area under Hydrograph curve)

ft³0.000Volume

SCS Unit Hydrograph Parameters

hours0.083Time of Concentration 
(Composite)

hours0.011Computational Time 
Increment

483.432Unit Hydrograph Shape 
Factor

0.749K Factor

1.670Receding/Rising, Tr/Tp

ft³/s23.11466Unit peak, qp

hours0.056Unit peak time, Tp
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Storm Event:  10-YRLabel:  C AR_304.10*Pre
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

SCS Unit Hydrograph Parameters

hours0.222Unit receding limb, Tr

hours0.278Total unit time, Tb
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Storm Event:  10-YRLabel:  C AR_304.11Post
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

10-YRStorm Event

years10Return Event

hours24.000Duration

in4.3Depth

hours0.083Time of Concentration 
(Composite)

acres2.410Area (User Defined)

hours0.011Computational Time 
Increment

hours23.999Time to Peak (Computed)

ft³/s0.00207Flow (Peak, Computed)

hours0.050Output Increment

hours24.000Time to Flow (Peak 
Interpolated Output)

ft³/s0.00207Flow (Peak Interpolated 
Output)

Drainage Area

33.000SCS CN (Composite)

acres2.410Area (User Defined)

in20.3Maximum Retention 
(Pervious)

in4.1Maximum Retention 
(Pervious, 20 percent)

Cumulative Runoff

in0.0Cumulative Runoff Depth 
(Pervious)

ft³15.196Runoff Volume (Pervious)

Hydrograph Volume (Area under Hydrograph curve)

ft³15.000Volume

SCS Unit Hydrograph Parameters

hours0.083Time of Concentration 
(Composite)

hours0.011Computational Time 
Increment

483.432Unit Hydrograph Shape 
Factor

0.749K Factor

1.670Receding/Rising, Tr/Tp

ft³/s32.76843Unit peak, qp

hours0.056Unit peak time, Tp
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Storm Event:  10-YRLabel:  C AR_304.11Post
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

SCS Unit Hydrograph Parameters

hours0.222Unit receding limb, Tr

hours0.278Total unit time, Tb
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Storm Event:  10-YRLabel:  C AR_304.11Pre
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

10-YRStorm Event

years10Return Event

hours24.000Duration

in4.3Depth

hours0.084Time of Concentration 
(Composite)

acres2.410Area (User Defined)

hours0.011Computational Time 
Increment

hours0.000Time to Peak (Computed)

ft³/s0.00000Flow (Peak, Computed)

hours0.050Output Increment

hours0.000Time to Flow (Peak 
Interpolated Output)

ft³/s0.00000Flow (Peak Interpolated 
Output)

Drainage Area

30.000SCS CN (Composite)

acres2.410Area (User Defined)

in23.3Maximum Retention 
(Pervious)

in4.7Maximum Retention 
(Pervious, 20 percent)

Cumulative Runoff

in0.0Cumulative Runoff Depth 
(Pervious)

ft³0.000Runoff Volume (Pervious)

Hydrograph Volume (Area under Hydrograph curve)

ft³0.000Volume

SCS Unit Hydrograph Parameters

hours0.084Time of Concentration 
(Composite)

hours0.011Computational Time 
Increment

483.432Unit Hydrograph Shape 
Factor

0.749K Factor

1.670Receding/Rising, Tr/Tp

ft³/s32.50836Unit peak, qp

hours0.056Unit peak time, Tp
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Storm Event:  10-YRLabel:  C AR_304.11Pre
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

SCS Unit Hydrograph Parameters

hours0.224Unit receding limb, Tr

hours0.280Total unit time, Tb
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Storm Event:  10-YRLabel:  C AR_304.13 Post
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

10-YRStorm Event

years10Return Event

hours24.000Duration

in4.3Depth

hours0.083Time of Concentration 
(Composite)

acres2.640Area (User Defined)

hours0.011Computational Time 
Increment

hours17.522Time to Peak (Computed)

ft³/s0.01547Flow (Peak, Computed)

hours0.050Output Increment

hours17.500Time to Flow (Peak 
Interpolated Output)

ft³/s0.01545Flow (Peak Interpolated 
Output)

Drainage Area

38.000SCS CN (Composite)

acres2.640Area (User Defined)

in16.3Maximum Retention 
(Pervious)

in3.3Maximum Retention 
(Pervious, 20 percent)

Cumulative Runoff

in0.1Cumulative Runoff Depth 
(Pervious)

ft³539.419Runoff Volume (Pervious)

Hydrograph Volume (Area under Hydrograph curve)

ft³536.000Volume

SCS Unit Hydrograph Parameters

hours0.083Time of Concentration 
(Composite)

hours0.011Computational Time 
Increment

483.432Unit Hydrograph Shape 
Factor

0.749K Factor

1.670Receding/Rising, Tr/Tp

ft³/s35.89570Unit peak, qp

hours0.056Unit peak time, Tp
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Storm Event:  10-YRLabel:  C AR_304.13 Post
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

SCS Unit Hydrograph Parameters

hours0.222Unit receding limb, Tr

hours0.278Total unit time, Tb
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Storm Event:  10-YRLabel:  C AR_304.13 Pre
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

10-YRStorm Event

years10Return Event

hours24.000Duration

in4.3Depth

hours0.083Time of Concentration 
(Composite)

acres2.640Area (User Defined)

hours0.011Computational Time 
Increment

hours23.999Time to Peak (Computed)

ft³/s0.00922Flow (Peak, Computed)

hours0.050Output Increment

hours24.000Time to Flow (Peak 
Interpolated Output)

ft³/s0.00921Flow (Peak Interpolated 
Output)

Drainage Area

36.000SCS CN (Composite)

acres2.640Area (User Defined)

in17.8Maximum Retention 
(Pervious)

in3.6Maximum Retention 
(Pervious, 20 percent)

Cumulative Runoff

in0.0Cumulative Runoff Depth 
(Pervious)

ft³250.199Runoff Volume (Pervious)

Hydrograph Volume (Area under Hydrograph curve)

ft³248.000Volume

SCS Unit Hydrograph Parameters

hours0.083Time of Concentration 
(Composite)

hours0.011Computational Time 
Increment

483.432Unit Hydrograph Shape 
Factor

0.749K Factor

1.670Receding/Rising, Tr/Tp

ft³/s35.89570Unit peak, qp

hours0.056Unit peak time, Tp
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Storm Event:  10-YRLabel:  C AR_304.13 Pre
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

SCS Unit Hydrograph Parameters

hours0.222Unit receding limb, Tr

hours0.278Total unit time, Tb
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Storm Event:  10-YRLabel:  C AR_304.15Post
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

10-YRStorm Event

years10Return Event

hours24.000Duration

in4.3Depth

hours0.083Time of Concentration 
(Composite)

acres1.093Area (User Defined)

hours0.011Computational Time 
Increment

hours23.999Time to Peak (Computed)

ft³/s0.00286Flow (Peak, Computed)

hours0.050Output Increment

hours24.000Time to Flow (Peak 
Interpolated Output)

ft³/s0.00285Flow (Peak Interpolated 
Output)

Drainage Area

35.000SCS CN (Composite)

acres1.093Area (User Defined)

in18.6Maximum Retention 
(Pervious)

in3.7Maximum Retention 
(Pervious, 20 percent)

Cumulative Runoff

in0.0Cumulative Runoff Depth 
(Pervious)

ft³59.590Runoff Volume (Pervious)

Hydrograph Volume (Area under Hydrograph curve)

ft³59.000Volume

SCS Unit Hydrograph Parameters

hours0.083Time of Concentration 
(Composite)

hours0.011Computational Time 
Increment

483.432Unit Hydrograph Shape 
Factor

0.749K Factor

1.670Receding/Rising, Tr/Tp

ft³/s14.86136Unit peak, qp

hours0.056Unit peak time, Tp
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Storm Event:  10-YRLabel:  C AR_304.15Post
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

SCS Unit Hydrograph Parameters

hours0.222Unit receding limb, Tr

hours0.278Total unit time, Tb
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Storm Event:  10-YRLabel:  C AR_304.15Pre
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

10-YRStorm Event

years10Return Event

hours24.000Duration

in4.3Depth

hours0.083Time of Concentration 
(Composite)

acres1.093Area (User Defined)

hours0.011Computational Time 
Increment

hours0.000Time to Peak (Computed)

ft³/s0.00000Flow (Peak, Computed)

hours0.050Output Increment

hours0.000Time to Flow (Peak 
Interpolated Output)

ft³/s0.00000Flow (Peak Interpolated 
Output)

Drainage Area

30.000SCS CN (Composite)

acres1.093Area (User Defined)

in23.3Maximum Retention 
(Pervious)

in4.7Maximum Retention 
(Pervious, 20 percent)

Cumulative Runoff

in0.0Cumulative Runoff Depth 
(Pervious)

ft³0.000Runoff Volume (Pervious)

Hydrograph Volume (Area under Hydrograph curve)

ft³0.000Volume

SCS Unit Hydrograph Parameters

hours0.083Time of Concentration 
(Composite)

hours0.011Computational Time 
Increment

483.432Unit Hydrograph Shape 
Factor

0.749K Factor

1.670Receding/Rising, Tr/Tp

ft³/s14.86136Unit peak, qp

hours0.056Unit peak time, Tp
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Storm Event:  10-YRLabel:  C AR_304.15Pre
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

SCS Unit Hydrograph Parameters

hours0.222Unit receding limb, Tr

hours0.278Total unit time, Tb
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Storm Event:  10-YRLabel:  C AR_304.16Post
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

10-YRStorm Event

years10Return Event

hours24.000Duration

in4.3Depth

hours0.083Time of Concentration 
(Composite)

acres2.036Area (User Defined)

hours0.011Computational Time 
Increment

hours0.000Time to Peak (Computed)

ft³/s0.00000Flow (Peak, Computed)

hours0.050Output Increment

hours0.000Time to Flow (Peak 
Interpolated Output)

ft³/s0.00000Flow (Peak Interpolated 
Output)

Drainage Area

31.000SCS CN (Composite)

acres2.036Area (User Defined)

in22.3Maximum Retention 
(Pervious)

in4.5Maximum Retention 
(Pervious, 20 percent)

Cumulative Runoff

in0.0Cumulative Runoff Depth 
(Pervious)

ft³0.000Runoff Volume (Pervious)

Hydrograph Volume (Area under Hydrograph curve)

ft³0.000Volume

SCS Unit Hydrograph Parameters

hours0.083Time of Concentration 
(Composite)

hours0.011Computational Time 
Increment

483.432Unit Hydrograph Shape 
Factor

0.749K Factor

1.670Receding/Rising, Tr/Tp

ft³/s27.68320Unit peak, qp

hours0.056Unit peak time, Tp
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Storm Event:  10-YRLabel:  C AR_304.16Post
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

SCS Unit Hydrograph Parameters

hours0.222Unit receding limb, Tr

hours0.278Total unit time, Tb
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Storm Event:  10-YRLabel:  C AR_304.16Pre
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

10-YRStorm Event

years10Return Event

hours24.000Duration

in4.3Depth

hours0.083Time of Concentration 
(Composite)

acres2.036Area (User Defined)

hours0.011Computational Time 
Increment

hours0.000Time to Peak (Computed)

ft³/s0.00000Flow (Peak, Computed)

hours0.050Output Increment

hours0.000Time to Flow (Peak 
Interpolated Output)

ft³/s0.00000Flow (Peak Interpolated 
Output)

Drainage Area

30.000SCS CN (Composite)

acres2.036Area (User Defined)

in23.3Maximum Retention 
(Pervious)

in4.7Maximum Retention 
(Pervious, 20 percent)

Cumulative Runoff

in0.0Cumulative Runoff Depth 
(Pervious)

ft³0.000Runoff Volume (Pervious)

Hydrograph Volume (Area under Hydrograph curve)

ft³0.000Volume

SCS Unit Hydrograph Parameters

hours0.083Time of Concentration 
(Composite)

hours0.011Computational Time 
Increment

483.432Unit Hydrograph Shape 
Factor

0.749K Factor

1.670Receding/Rising, Tr/Tp

ft³/s27.68320Unit peak, qp

hours0.056Unit peak time, Tp
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Storm Event:  10-YRLabel:  C AR_304.16Pre
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

SCS Unit Hydrograph Parameters

hours0.222Unit receding limb, Tr

hours0.278Total unit time, Tb
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Storm Event:  10-YRLabel:  C AR_304.19Post
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

10-YRStorm Event

years10Return Event

hours24.000Duration

in4.3Depth

hours0.083Time of Concentration 
(Composite)

acres0.755Area (User Defined)

hours0.011Computational Time 
Increment

hours13.422Time to Peak (Computed)

ft³/s0.00779Flow (Peak, Computed)

hours0.050Output Increment

hours13.450Time to Flow (Peak 
Interpolated Output)

ft³/s0.00775Flow (Peak Interpolated 
Output)

Drainage Area

40.000SCS CN (Composite)

acres0.755Area (User Defined)

in15.0Maximum Retention 
(Pervious)

in3.0Maximum Retention 
(Pervious, 20 percent)

Cumulative Runoff

in0.1Cumulative Runoff Depth 
(Pervious)

ft³263.540Runoff Volume (Pervious)

Hydrograph Volume (Area under Hydrograph curve)

ft³262.000Volume

SCS Unit Hydrograph Parameters

hours0.083Time of Concentration 
(Composite)

hours0.011Computational Time 
Increment

483.432Unit Hydrograph Shape 
Factor

0.749K Factor

1.670Receding/Rising, Tr/Tp

ft³/s10.26563Unit peak, qp

hours0.056Unit peak time, Tp
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Storm Event:  10-YRLabel:  C AR_304.19Post
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

SCS Unit Hydrograph Parameters

hours0.222Unit receding limb, Tr

hours0.278Total unit time, Tb
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Storm Event:  10-YRLabel:  C AR_304.19Pre
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

10-YRStorm Event

years10Return Event

hours24.000Duration

in4.3Depth

hours0.083Time of Concentration 
(Composite)

acres0.755Area (User Defined)

hours0.011Computational Time 
Increment

hours0.000Time to Peak (Computed)

ft³/s0.00000Flow (Peak, Computed)

hours0.050Output Increment

hours0.000Time to Flow (Peak 
Interpolated Output)

ft³/s0.00000Flow (Peak Interpolated 
Output)

Drainage Area

30.000SCS CN (Composite)

acres0.755Area (User Defined)

in23.3Maximum Retention 
(Pervious)

in4.7Maximum Retention 
(Pervious, 20 percent)

Cumulative Runoff

in0.0Cumulative Runoff Depth 
(Pervious)

ft³0.000Runoff Volume (Pervious)

Hydrograph Volume (Area under Hydrograph curve)

ft³0.000Volume

SCS Unit Hydrograph Parameters

hours0.083Time of Concentration 
(Composite)

hours0.011Computational Time 
Increment

483.432Unit Hydrograph Shape 
Factor

0.749K Factor

1.670Receding/Rising, Tr/Tp

ft³/s10.26563Unit peak, qp

hours0.056Unit peak time, Tp
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Storm Event:  10-YRLabel:  C AR_304.19Pre
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

SCS Unit Hydrograph Parameters

hours0.222Unit receding limb, Tr

hours0.278Total unit time, Tb
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Storm Event:  10-YRLabel:  C AR_304.1Post
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

10-YRStorm Event

years10Return Event

hours24.000Duration

in4.3Depth

hours0.083Time of Concentration 
(Composite)

acres0.880Area (User Defined)

hours0.011Computational Time 
Increment

hours23.999Time to Peak (Computed)

ft³/s0.00307Flow (Peak, Computed)

hours0.050Output Increment

hours24.000Time to Flow (Peak 
Interpolated Output)

ft³/s0.00307Flow (Peak Interpolated 
Output)

Drainage Area

36.000SCS CN (Composite)

acres0.880Area (User Defined)

in17.8Maximum Retention 
(Pervious)

in3.6Maximum Retention 
(Pervious, 20 percent)

Cumulative Runoff

in0.0Cumulative Runoff Depth 
(Pervious)

ft³83.400Runoff Volume (Pervious)

Hydrograph Volume (Area under Hydrograph curve)

ft³83.000Volume

SCS Unit Hydrograph Parameters

hours0.083Time of Concentration 
(Composite)

hours0.011Computational Time 
Increment

483.432Unit Hydrograph Shape 
Factor

0.749K Factor

1.670Receding/Rising, Tr/Tp

ft³/s11.96523Unit peak, qp

hours0.056Unit peak time, Tp
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Storm Event:  10-YRLabel:  C AR_304.1Post
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

SCS Unit Hydrograph Parameters

hours0.222Unit receding limb, Tr

hours0.278Total unit time, Tb
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Storm Event:  10-YRLabel:  C AR_304.1Pre
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

10-YRStorm Event

years10Return Event

hours24.000Duration

in4.3Depth

hours0.083Time of Concentration 
(Composite)

acres0.870Area (User Defined)

hours0.011Computational Time 
Increment

hours0.000Time to Peak (Computed)

ft³/s0.00000Flow (Peak, Computed)

hours0.050Output Increment

hours0.000Time to Flow (Peak 
Interpolated Output)

ft³/s0.00000Flow (Peak Interpolated 
Output)

Drainage Area

30.000SCS CN (Composite)

acres0.870Area (User Defined)

in23.3Maximum Retention 
(Pervious)

in4.7Maximum Retention 
(Pervious, 20 percent)

Cumulative Runoff

in0.0Cumulative Runoff Depth 
(Pervious)

ft³0.000Runoff Volume (Pervious)

Hydrograph Volume (Area under Hydrograph curve)

ft³0.000Volume

SCS Unit Hydrograph Parameters

hours0.083Time of Concentration 
(Composite)

hours0.011Computational Time 
Increment

483.432Unit Hydrograph Shape 
Factor

0.749K Factor

1.670Receding/Rising, Tr/Tp

ft³/s11.82927Unit peak, qp

hours0.056Unit peak time, Tp
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Storm Event:  10-YRLabel:  C AR_304.1Pre
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

SCS Unit Hydrograph Parameters

hours0.222Unit receding limb, Tr

hours0.278Total unit time, Tb
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Storm Event:  10-YRLabel:  C AR_304.22aPost
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

10-YRStorm Event

years10Return Event

hours24.000Duration

in4.3Depth

hours0.093Time of Concentration 
(Composite)

acres2.322Area (User Defined)

hours0.012Computational Time 
Increment

hours0.000Time to Peak (Computed)

ft³/s0.00000Flow (Peak, Computed)

hours0.050Output Increment

hours0.000Time to Flow (Peak 
Interpolated Output)

ft³/s0.00000Flow (Peak Interpolated 
Output)

Drainage Area

32.000SCS CN (Composite)

acres2.322Area (User Defined)

in21.3Maximum Retention 
(Pervious)

in4.3Maximum Retention 
(Pervious, 20 percent)

Cumulative Runoff

in0.0Cumulative Runoff Depth 
(Pervious)

ft³0.000Runoff Volume (Pervious)

Hydrograph Volume (Area under Hydrograph curve)

ft³0.000Volume

SCS Unit Hydrograph Parameters

hours0.093Time of Concentration 
(Composite)

hours0.012Computational Time 
Increment

483.432Unit Hydrograph Shape 
Factor

0.749K Factor

1.670Receding/Rising, Tr/Tp

ft³/s28.29023Unit peak, qp

hours0.062Unit peak time, Tp

Page 80 of 17027 Siemon Company Drive Suite 200 W  
Watertown, CT 06795 USA  +1-203-755-1666

2/11/2018

Bentley PondPack V8i
[08.11.01.56]

Bentley Systems, Inc.  Haestad Methods Solution 
Center00982_anl_tr20_v3.ppc



Storm Event:  10-YRLabel:  C AR_304.22aPost
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

SCS Unit Hydrograph Parameters

hours0.248Unit receding limb, Tr

hours0.310Total unit time, Tb
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Storm Event:  10-YRLabel:  C AR_304.22aPre
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

10-YRStorm Event

years10Return Event

hours24.000Duration

in4.3Depth

hours0.096Time of Concentration 
(Composite)

acres2.322Area (User Defined)

hours0.013Computational Time 
Increment

hours0.000Time to Peak (Computed)

ft³/s0.00000Flow (Peak, Computed)

hours0.050Output Increment

hours0.000Time to Flow (Peak 
Interpolated Output)

ft³/s0.00000Flow (Peak Interpolated 
Output)

Drainage Area

30.000SCS CN (Composite)

acres2.322Area (User Defined)

in23.3Maximum Retention 
(Pervious)

in4.7Maximum Retention 
(Pervious, 20 percent)

Cumulative Runoff

in0.0Cumulative Runoff Depth 
(Pervious)

ft³0.000Runoff Volume (Pervious)

Hydrograph Volume (Area under Hydrograph curve)

ft³0.000Volume

SCS Unit Hydrograph Parameters

hours0.096Time of Concentration 
(Composite)

hours0.013Computational Time 
Increment

483.432Unit Hydrograph Shape 
Factor

0.749K Factor

1.670Receding/Rising, Tr/Tp

ft³/s27.40616Unit peak, qp

hours0.064Unit peak time, Tp
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Storm Event:  10-YRLabel:  C AR_304.22aPre
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

SCS Unit Hydrograph Parameters

hours0.256Unit receding limb, Tr

hours0.320Total unit time, Tb
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Storm Event:  10-YRLabel:  C AR_304.22Post
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

10-YRStorm Event

years10Return Event

hours24.000Duration

in4.3Depth

hours0.090Time of Concentration 
(Composite)

acres2.413Area (User Defined)

hours0.012Computational Time 
Increment

hours0.000Time to Peak (Computed)

ft³/s0.00000Flow (Peak, Computed)

hours0.050Output Increment

hours0.000Time to Flow (Peak 
Interpolated Output)

ft³/s0.00000Flow (Peak Interpolated 
Output)

Drainage Area

32.000SCS CN (Composite)

acres2.413Area (User Defined)

in21.3Maximum Retention 
(Pervious)

in4.3Maximum Retention 
(Pervious, 20 percent)

Cumulative Runoff

in0.0Cumulative Runoff Depth 
(Pervious)

ft³0.000Runoff Volume (Pervious)

Hydrograph Volume (Area under Hydrograph curve)

ft³0.000Volume

SCS Unit Hydrograph Parameters

hours0.090Time of Concentration 
(Composite)

hours0.012Computational Time 
Increment

483.432Unit Hydrograph Shape 
Factor

0.749K Factor

1.670Receding/Rising, Tr/Tp

ft³/s30.37890Unit peak, qp

hours0.060Unit peak time, Tp
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Storm Event:  10-YRLabel:  C AR_304.22Post
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

SCS Unit Hydrograph Parameters

hours0.240Unit receding limb, Tr

hours0.300Total unit time, Tb
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Storm Event:  10-YRLabel:  C AR_304.22Pre
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

10-YRStorm Event

years10Return Event

hours24.000Duration

in4.3Depth

hours0.093Time of Concentration 
(Composite)

acres2.413Area (User Defined)

hours0.012Computational Time 
Increment

hours0.000Time to Peak (Computed)

ft³/s0.00000Flow (Peak, Computed)

hours0.050Output Increment

hours0.000Time to Flow (Peak 
Interpolated Output)

ft³/s0.00000Flow (Peak Interpolated 
Output)

Drainage Area

30.000SCS CN (Composite)

acres2.413Area (User Defined)

in23.3Maximum Retention 
(Pervious)

in4.7Maximum Retention 
(Pervious, 20 percent)

Cumulative Runoff

in0.0Cumulative Runoff Depth 
(Pervious)

ft³0.000Runoff Volume (Pervious)

Hydrograph Volume (Area under Hydrograph curve)

ft³0.000Volume

SCS Unit Hydrograph Parameters

hours0.093Time of Concentration 
(Composite)

hours0.012Computational Time 
Increment

483.432Unit Hydrograph Shape 
Factor

0.749K Factor

1.670Receding/Rising, Tr/Tp

ft³/s29.39894Unit peak, qp

hours0.062Unit peak time, Tp
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Storm Event:  10-YRLabel:  C AR_304.22Pre
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

SCS Unit Hydrograph Parameters

hours0.248Unit receding limb, Tr

hours0.310Total unit time, Tb
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Storm Event:  10-YRLabel:  C AR_304.24aPost
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

10-YRStorm Event

years10Return Event

hours24.000Duration

in4.3Depth

hours0.087Time of Concentration 
(Composite)

acres1.983Area (User Defined)

hours0.012Computational Time 
Increment

hours24.000Time to Peak (Computed)

ft³/s0.00170Flow (Peak, Computed)

hours0.050Output Increment

hours24.000Time to Flow (Peak 
Interpolated Output)

ft³/s0.00170Flow (Peak Interpolated 
Output)

Drainage Area

33.000SCS CN (Composite)

acres1.983Area (User Defined)

in20.3Maximum Retention 
(Pervious)

in4.1Maximum Retention 
(Pervious, 20 percent)

Cumulative Runoff

in0.0Cumulative Runoff Depth 
(Pervious)

ft³12.511Runoff Volume (Pervious)

Hydrograph Volume (Area under Hydrograph curve)

ft³12.000Volume

SCS Unit Hydrograph Parameters

hours0.087Time of Concentration 
(Composite)

hours0.012Computational Time 
Increment

483.432Unit Hydrograph Shape 
Factor

0.749K Factor

1.670Receding/Rising, Tr/Tp

ft³/s25.82621Unit peak, qp

hours0.058Unit peak time, Tp
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Storm Event:  10-YRLabel:  C AR_304.24aPost
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

SCS Unit Hydrograph Parameters

hours0.232Unit receding limb, Tr

hours0.290Total unit time, Tb
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Storm Event:  10-YRLabel:  C AR_304.24aPre
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

10-YRStorm Event

years10Return Event

hours24.000Duration

in4.3Depth

hours0.092Time of Concentration 
(Composite)

acres1.983Area (User Defined)

hours0.012Computational Time 
Increment

hours0.000Time to Peak (Computed)

ft³/s0.00000Flow (Peak, Computed)

hours0.050Output Increment

hours0.000Time to Flow (Peak 
Interpolated Output)

ft³/s0.00000Flow (Peak Interpolated 
Output)

Drainage Area

30.000SCS CN (Composite)

acres1.983Area (User Defined)

in23.3Maximum Retention 
(Pervious)

in4.7Maximum Retention 
(Pervious, 20 percent)

Cumulative Runoff

in0.0Cumulative Runoff Depth 
(Pervious)

ft³0.000Runoff Volume (Pervious)

Hydrograph Volume (Area under Hydrograph curve)

ft³0.000Volume

SCS Unit Hydrograph Parameters

hours0.092Time of Concentration 
(Composite)

hours0.012Computational Time 
Increment

483.432Unit Hydrograph Shape 
Factor

0.749K Factor

1.670Receding/Rising, Tr/Tp

ft³/s24.42262Unit peak, qp

hours0.061Unit peak time, Tp

Page 90 of 17027 Siemon Company Drive Suite 200 W  
Watertown, CT 06795 USA  +1-203-755-1666

2/11/2018

Bentley PondPack V8i
[08.11.01.56]

Bentley Systems, Inc.  Haestad Methods Solution 
Center00982_anl_tr20_v3.ppc



Storm Event:  10-YRLabel:  C AR_304.24aPre
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

SCS Unit Hydrograph Parameters

hours0.245Unit receding limb, Tr

hours0.307Total unit time, Tb
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Storm Event:  10-YRLabel:  C AR_304.24Post
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

10-YRStorm Event

years10Return Event

hours24.000Duration

in4.3Depth

hours0.083Time of Concentration 
(Composite)

acres1.202Area (User Defined)

hours0.011Computational Time 
Increment

hours0.000Time to Peak (Computed)

ft³/s0.00000Flow (Peak, Computed)

hours0.050Output Increment

hours0.000Time to Flow (Peak 
Interpolated Output)

ft³/s0.00000Flow (Peak Interpolated 
Output)

Drainage Area

32.000SCS CN (Composite)

acres1.202Area (User Defined)

in21.3Maximum Retention 
(Pervious)

in4.3Maximum Retention 
(Pervious, 20 percent)

Cumulative Runoff

in0.0Cumulative Runoff Depth 
(Pervious)

ft³0.000Runoff Volume (Pervious)

Hydrograph Volume (Area under Hydrograph curve)

ft³0.000Volume

SCS Unit Hydrograph Parameters

hours0.083Time of Concentration 
(Composite)

hours0.011Computational Time 
Increment

483.432Unit Hydrograph Shape 
Factor

0.749K Factor

1.670Receding/Rising, Tr/Tp

ft³/s16.34342Unit peak, qp

hours0.056Unit peak time, Tp
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Storm Event:  10-YRLabel:  C AR_304.24Post
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

SCS Unit Hydrograph Parameters

hours0.222Unit receding limb, Tr

hours0.278Total unit time, Tb
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Storm Event:  10-YRLabel:  C AR_304.24Pre
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

10-YRStorm Event

years10Return Event

hours24.000Duration

in4.3Depth

hours0.083Time of Concentration 
(Composite)

acres1.202Area (User Defined)

hours0.011Computational Time 
Increment

hours0.000Time to Peak (Computed)

ft³/s0.00000Flow (Peak, Computed)

hours0.050Output Increment

hours0.000Time to Flow (Peak 
Interpolated Output)

ft³/s0.00000Flow (Peak Interpolated 
Output)

Drainage Area

30.000SCS CN (Composite)

acres1.202Area (User Defined)

in23.3Maximum Retention 
(Pervious)

in4.7Maximum Retention 
(Pervious, 20 percent)

Cumulative Runoff

in0.0Cumulative Runoff Depth 
(Pervious)

ft³0.000Runoff Volume (Pervious)

Hydrograph Volume (Area under Hydrograph curve)

ft³0.000Volume

SCS Unit Hydrograph Parameters

hours0.083Time of Concentration 
(Composite)

hours0.011Computational Time 
Increment

483.432Unit Hydrograph Shape 
Factor

0.749K Factor

1.670Receding/Rising, Tr/Tp

ft³/s16.34342Unit peak, qp

hours0.056Unit peak time, Tp
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Storm Event:  10-YRLabel:  C AR_304.24Pre
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

SCS Unit Hydrograph Parameters

hours0.222Unit receding limb, Tr

hours0.278Total unit time, Tb
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Storm Event:  10-YRLabel:  C AR_304.25Post
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

10-YRStorm Event

years10Return Event

hours24.000Duration

in4.3Depth

hours0.083Time of Concentration 
(Composite)

acres0.368Area (User Defined)

hours0.011Computational Time 
Increment

hours12.922Time to Peak (Computed)

ft³/s0.00527Flow (Peak, Computed)

hours0.050Output Increment

hours12.950Time to Flow (Peak 
Interpolated Output)

ft³/s0.00524Flow (Peak Interpolated 
Output)

Drainage Area

41.000SCS CN (Composite)

acres0.368Area (User Defined)

in14.4Maximum Retention 
(Pervious)

in2.9Maximum Retention 
(Pervious, 20 percent)

Cumulative Runoff

in0.1Cumulative Runoff Depth 
(Pervious)

ft³159.529Runoff Volume (Pervious)

Hydrograph Volume (Area under Hydrograph curve)

ft³159.000Volume

SCS Unit Hydrograph Parameters

hours0.083Time of Concentration 
(Composite)

hours0.011Computational Time 
Increment

483.432Unit Hydrograph Shape 
Factor

0.749K Factor

1.670Receding/Rising, Tr/Tp

ft³/s5.00364Unit peak, qp

hours0.056Unit peak time, Tp
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Storm Event:  10-YRLabel:  C AR_304.25Post
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

SCS Unit Hydrograph Parameters

hours0.222Unit receding limb, Tr

hours0.278Total unit time, Tb
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Storm Event:  10-YRLabel:  C AR_304.25Pre
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

10-YRStorm Event

years10Return Event

hours24.000Duration

in4.3Depth

hours0.083Time of Concentration 
(Composite)

acres0.368Area (User Defined)

hours0.011Computational Time 
Increment

hours0.000Time to Peak (Computed)

ft³/s0.00000Flow (Peak, Computed)

hours0.050Output Increment

hours0.000Time to Flow (Peak 
Interpolated Output)

ft³/s0.00000Flow (Peak Interpolated 
Output)

Drainage Area

30.000SCS CN (Composite)

acres0.368Area (User Defined)

in23.3Maximum Retention 
(Pervious)

in4.7Maximum Retention 
(Pervious, 20 percent)

Cumulative Runoff

in0.0Cumulative Runoff Depth 
(Pervious)

ft³0.000Runoff Volume (Pervious)

Hydrograph Volume (Area under Hydrograph curve)

ft³0.000Volume

SCS Unit Hydrograph Parameters

hours0.083Time of Concentration 
(Composite)

hours0.011Computational Time 
Increment

483.432Unit Hydrograph Shape 
Factor

0.749K Factor

1.670Receding/Rising, Tr/Tp

ft³/s5.00364Unit peak, qp

hours0.056Unit peak time, Tp
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Storm Event:  10-YRLabel:  C AR_304.25Pre
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

SCS Unit Hydrograph Parameters

hours0.222Unit receding limb, Tr

hours0.278Total unit time, Tb
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Storm Event:  10-YRLabel:  C AR_304.26aPost
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

10-YRStorm Event

years10Return Event

hours24.000Duration

in4.3Depth

hours0.083Time of Concentration 
(Composite)

acres0.060Area (User Defined)

hours0.011Computational Time 
Increment

hours11.922Time to Peak (Computed)

ft³/s0.31919Flow (Peak, Computed)

hours0.050Output Increment

hours11.900Time to Flow (Peak 
Interpolated Output)

ft³/s0.31305Flow (Peak Interpolated 
Output)

Drainage Area

95.000SCS CN (Composite)

acres0.060Area (User Defined)

in0.5Maximum Retention 
(Pervious)

in0.1Maximum Retention 
(Pervious, 20 percent)

Cumulative Runoff

in3.7Cumulative Runoff Depth 
(Pervious)

ft³801.017Runoff Volume (Pervious)

Hydrograph Volume (Area under Hydrograph curve)

ft³800.000Volume

SCS Unit Hydrograph Parameters

hours0.083Time of Concentration 
(Composite)

hours0.011Computational Time 
Increment

483.432Unit Hydrograph Shape 
Factor

0.749K Factor

1.670Receding/Rising, Tr/Tp

ft³/s0.81581Unit peak, qp

hours0.056Unit peak time, Tp
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Storm Event:  10-YRLabel:  C AR_304.26aPost
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

SCS Unit Hydrograph Parameters

hours0.222Unit receding limb, Tr

hours0.278Total unit time, Tb
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Storm Event:  10-YRLabel:  C AR_304.26aPre
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

10-YRStorm Event

years10Return Event

hours24.000Duration

in4.3Depth

hours0.083Time of Concentration 
(Composite)

acres0.060Area (User Defined)

hours0.011Computational Time 
Increment

hours0.000Time to Peak (Computed)

ft³/s0.00000Flow (Peak, Computed)

hours0.050Output Increment

hours0.000Time to Flow (Peak 
Interpolated Output)

ft³/s0.00000Flow (Peak Interpolated 
Output)

Drainage Area

30.000SCS CN (Composite)

acres0.060Area (User Defined)

in23.3Maximum Retention 
(Pervious)

in4.7Maximum Retention 
(Pervious, 20 percent)

Cumulative Runoff

in0.0Cumulative Runoff Depth 
(Pervious)

ft³0.000Runoff Volume (Pervious)

Hydrograph Volume (Area under Hydrograph curve)

ft³0.000Volume

SCS Unit Hydrograph Parameters

hours0.083Time of Concentration 
(Composite)

hours0.011Computational Time 
Increment

483.432Unit Hydrograph Shape 
Factor

0.749K Factor

1.670Receding/Rising, Tr/Tp

ft³/s0.81581Unit peak, qp

hours0.056Unit peak time, Tp
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Storm Event:  10-YRLabel:  C AR_304.26aPre
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

SCS Unit Hydrograph Parameters

hours0.222Unit receding limb, Tr

hours0.278Total unit time, Tb
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Storm Event:  10-YRLabel:  C AR_304.26bPost
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

10-YRStorm Event

years10Return Event

hours24.000Duration

in4.3Depth

hours0.083Time of Concentration 
(Composite)

acres0.047Area (User Defined)

hours0.011Computational Time 
Increment

hours12.022Time to Peak (Computed)

ft³/s0.01150Flow (Peak, Computed)

hours0.050Output Increment

hours12.000Time to Flow (Peak 
Interpolated Output)

ft³/s0.00978Flow (Peak Interpolated 
Output)

Drainage Area

47.000SCS CN (Composite)

acres0.047Area (User Defined)

in11.3Maximum Retention 
(Pervious)

in2.3Maximum Retention 
(Pervious, 20 percent)

Cumulative Runoff

in0.3Cumulative Runoff Depth 
(Pervious)

ft³51.151Runoff Volume (Pervious)

Hydrograph Volume (Area under Hydrograph curve)

ft³51.000Volume

SCS Unit Hydrograph Parameters

hours0.083Time of Concentration 
(Composite)

hours0.011Computational Time 
Increment

483.432Unit Hydrograph Shape 
Factor

0.749K Factor

1.670Receding/Rising, Tr/Tp

ft³/s0.63905Unit peak, qp

hours0.056Unit peak time, Tp
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Storm Event:  10-YRLabel:  C AR_304.26bPost
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

SCS Unit Hydrograph Parameters

hours0.222Unit receding limb, Tr

hours0.278Total unit time, Tb
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Storm Event:  10-YRLabel:  C AR_304.26bPre
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

10-YRStorm Event

years10Return Event

hours24.000Duration

in4.3Depth

hours0.083Time of Concentration 
(Composite)

acres0.047Area (User Defined)

hours0.011Computational Time 
Increment

hours0.000Time to Peak (Computed)

ft³/s0.00000Flow (Peak, Computed)

hours0.050Output Increment

hours0.000Time to Flow (Peak 
Interpolated Output)

ft³/s0.00000Flow (Peak Interpolated 
Output)

Drainage Area

30.000SCS CN (Composite)

acres0.047Area (User Defined)

in23.3Maximum Retention 
(Pervious)

in4.7Maximum Retention 
(Pervious, 20 percent)

Cumulative Runoff

in0.0Cumulative Runoff Depth 
(Pervious)

ft³0.000Runoff Volume (Pervious)

Hydrograph Volume (Area under Hydrograph curve)

ft³0.000Volume

SCS Unit Hydrograph Parameters

hours0.083Time of Concentration 
(Composite)

hours0.011Computational Time 
Increment

483.432Unit Hydrograph Shape 
Factor

0.749K Factor

1.670Receding/Rising, Tr/Tp

ft³/s0.63905Unit peak, qp

hours0.056Unit peak time, Tp
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Storm Event:  10-YRLabel:  C AR_304.26bPre
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

SCS Unit Hydrograph Parameters

hours0.222Unit receding limb, Tr

hours0.278Total unit time, Tb
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Storm Event:  10-YRLabel:  C AR_304.28cPost
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

10-YRStorm Event

years10Return Event

hours24.000Duration

in4.3Depth

hours0.083Time of Concentration 
(Composite)

acres0.918Area (User Defined)

hours0.011Computational Time 
Increment

hours17.522Time to Peak (Computed)

ft³/s0.00538Flow (Peak, Computed)

hours0.050Output Increment

hours17.500Time to Flow (Peak 
Interpolated Output)

ft³/s0.00537Flow (Peak Interpolated 
Output)

Drainage Area

38.000SCS CN (Composite)

acres0.918Area (User Defined)

in16.3Maximum Retention 
(Pervious)

in3.3Maximum Retention 
(Pervious, 20 percent)

Cumulative Runoff

in0.1Cumulative Runoff Depth 
(Pervious)

ft³187.571Runoff Volume (Pervious)

Hydrograph Volume (Area under Hydrograph curve)

ft³186.000Volume

SCS Unit Hydrograph Parameters

hours0.083Time of Concentration 
(Composite)

hours0.011Computational Time 
Increment

483.432Unit Hydrograph Shape 
Factor

0.749K Factor

1.670Receding/Rising, Tr/Tp

ft³/s12.48191Unit peak, qp

hours0.056Unit peak time, Tp
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Storm Event:  10-YRLabel:  C AR_304.28cPost
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

SCS Unit Hydrograph Parameters

hours0.222Unit receding limb, Tr

hours0.278Total unit time, Tb
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Storm Event:  10-YRLabel:  C AR_304.28cPre
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

10-YRStorm Event

years10Return Event

hours24.000Duration

in4.3Depth

hours0.083Time of Concentration 
(Composite)

acres0.918Area (User Defined)

hours0.011Computational Time 
Increment

hours23.999Time to Peak (Computed)

ft³/s0.00240Flow (Peak, Computed)

hours0.050Output Increment

hours24.000Time to Flow (Peak 
Interpolated Output)

ft³/s0.00240Flow (Peak Interpolated 
Output)

Drainage Area

35.000SCS CN (Composite)

acres0.918Area (User Defined)

in18.6Maximum Retention 
(Pervious)

in3.7Maximum Retention 
(Pervious, 20 percent)

Cumulative Runoff

in0.0Cumulative Runoff Depth 
(Pervious)

ft³50.049Runoff Volume (Pervious)

Hydrograph Volume (Area under Hydrograph curve)

ft³49.000Volume

SCS Unit Hydrograph Parameters

hours0.083Time of Concentration 
(Composite)

hours0.011Computational Time 
Increment

483.432Unit Hydrograph Shape 
Factor

0.749K Factor

1.670Receding/Rising, Tr/Tp

ft³/s12.48191Unit peak, qp

hours0.056Unit peak time, Tp
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Storm Event:  10-YRLabel:  C AR_304.28cPre
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

SCS Unit Hydrograph Parameters

hours0.222Unit receding limb, Tr

hours0.278Total unit time, Tb
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Storm Event:  10-YRLabel:  C AR_304.2Post
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

10-YRStorm Event

years10Return Event

hours24.000Duration

in4.3Depth

hours0.083Time of Concentration 
(Composite)

acres0.440Area (User Defined)

hours0.011Computational Time 
Increment

hours17.522Time to Peak (Computed)

ft³/s0.00258Flow (Peak, Computed)

hours0.050Output Increment

hours17.500Time to Flow (Peak 
Interpolated Output)

ft³/s0.00258Flow (Peak Interpolated 
Output)

Drainage Area

38.000SCS CN (Composite)

acres0.440Area (User Defined)

in16.3Maximum Retention 
(Pervious)

in3.3Maximum Retention 
(Pervious, 20 percent)

Cumulative Runoff

in0.1Cumulative Runoff Depth 
(Pervious)

ft³89.903Runoff Volume (Pervious)

Hydrograph Volume (Area under Hydrograph curve)

ft³89.000Volume

SCS Unit Hydrograph Parameters

hours0.083Time of Concentration 
(Composite)

hours0.011Computational Time 
Increment

483.432Unit Hydrograph Shape 
Factor

0.749K Factor

1.670Receding/Rising, Tr/Tp

ft³/s5.98262Unit peak, qp

hours0.056Unit peak time, Tp
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Storm Event:  10-YRLabel:  C AR_304.2Post
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

SCS Unit Hydrograph Parameters

hours0.222Unit receding limb, Tr

hours0.278Total unit time, Tb
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Storm Event:  10-YRLabel:  C AR_304.2Pre
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

10-YRStorm Event

years10Return Event

hours24.000Duration

in4.3Depth

hours0.083Time of Concentration 
(Composite)

acres0.440Area (User Defined)

hours0.011Computational Time 
Increment

hours0.000Time to Peak (Computed)

ft³/s0.00000Flow (Peak, Computed)

hours0.050Output Increment

hours0.000Time to Flow (Peak 
Interpolated Output)

ft³/s0.00000Flow (Peak Interpolated 
Output)

Drainage Area

30.000SCS CN (Composite)

acres0.440Area (User Defined)

in23.3Maximum Retention 
(Pervious)

in4.7Maximum Retention 
(Pervious, 20 percent)

Cumulative Runoff

in0.0Cumulative Runoff Depth 
(Pervious)

ft³0.000Runoff Volume (Pervious)

Hydrograph Volume (Area under Hydrograph curve)

ft³0.000Volume

SCS Unit Hydrograph Parameters

hours0.083Time of Concentration 
(Composite)

hours0.011Computational Time 
Increment

483.432Unit Hydrograph Shape 
Factor

0.749K Factor

1.670Receding/Rising, Tr/Tp

ft³/s5.98262Unit peak, qp

hours0.056Unit peak time, Tp
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Storm Event:  10-YRLabel:  C AR_304.2Pre
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

SCS Unit Hydrograph Parameters

hours0.222Unit receding limb, Tr

hours0.278Total unit time, Tb
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Storm Event:  10-YRLabel:  C AR_304.47aPost
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

10-YRStorm Event

years10Return Event

hours24.000Duration

in4.3Depth

hours0.083Time of Concentration 
(Composite)

acres0.160Area (User Defined)

hours0.011Computational Time 
Increment

hours23.999Time to Peak (Computed)

ft³/s0.00014Flow (Peak, Computed)

hours0.050Output Increment

hours24.000Time to Flow (Peak 
Interpolated Output)

ft³/s0.00014Flow (Peak Interpolated 
Output)

Drainage Area

33.000SCS CN (Composite)

acres0.160Area (User Defined)

in20.3Maximum Retention 
(Pervious)

in4.1Maximum Retention 
(Pervious, 20 percent)

Cumulative Runoff

in0.0Cumulative Runoff Depth 
(Pervious)

ft³1.009Runoff Volume (Pervious)

Hydrograph Volume (Area under Hydrograph curve)

ft³1.000Volume

SCS Unit Hydrograph Parameters

hours0.083Time of Concentration 
(Composite)

hours0.011Computational Time 
Increment

483.432Unit Hydrograph Shape 
Factor

0.749K Factor

1.670Receding/Rising, Tr/Tp

ft³/s2.17550Unit peak, qp

hours0.056Unit peak time, Tp
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Storm Event:  10-YRLabel:  C AR_304.47aPost
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

SCS Unit Hydrograph Parameters

hours0.222Unit receding limb, Tr

hours0.278Total unit time, Tb
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Storm Event:  10-YRLabel:  C AR_304.47aPre
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

10-YRStorm Event

years10Return Event

hours24.000Duration

in4.3Depth

hours0.083Time of Concentration 
(Composite)

acres0.160Area (User Defined)

hours0.011Computational Time 
Increment

hours0.000Time to Peak (Computed)

ft³/s0.00000Flow (Peak, Computed)

hours0.050Output Increment

hours0.000Time to Flow (Peak 
Interpolated Output)

ft³/s0.00000Flow (Peak Interpolated 
Output)

Drainage Area

30.000SCS CN (Composite)

acres0.160Area (User Defined)

in23.3Maximum Retention 
(Pervious)

in4.7Maximum Retention 
(Pervious, 20 percent)

Cumulative Runoff

in0.0Cumulative Runoff Depth 
(Pervious)

ft³0.000Runoff Volume (Pervious)

Hydrograph Volume (Area under Hydrograph curve)

ft³0.000Volume

SCS Unit Hydrograph Parameters

hours0.083Time of Concentration 
(Composite)

hours0.011Computational Time 
Increment

483.432Unit Hydrograph Shape 
Factor

0.749K Factor

1.670Receding/Rising, Tr/Tp

ft³/s2.17550Unit peak, qp

hours0.056Unit peak time, Tp
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Storm Event:  10-YRLabel:  C AR_304.47aPre
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

SCS Unit Hydrograph Parameters

hours0.222Unit receding limb, Tr

hours0.278Total unit time, Tb
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Storm Event:  10-YRLabel:  C AR_304.47bPost
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

10-YRStorm Event

years10Return Event

hours24.000Duration

in4.3Depth

hours0.083Time of Concentration 
(Composite)

acres0.117Area (User Defined)

hours0.011Computational Time 
Increment

hours11.922Time to Peak (Computed)

ft³/s0.64452Flow (Peak, Computed)

hours0.050Output Increment

hours11.900Time to Flow (Peak 
Interpolated Output)

ft³/s0.63406Flow (Peak Interpolated 
Output)

Drainage Area

98.000SCS CN (Composite)

acres0.117Area (User Defined)

in0.2Maximum Retention 
(Pervious)

in0.0Maximum Retention 
(Pervious, 20 percent)

Cumulative Runoff

in4.0Cumulative Runoff Depth 
(Pervious)

ft³1,705.033Runoff Volume (Pervious)

Hydrograph Volume (Area under Hydrograph curve)

ft³1,702.000Volume

SCS Unit Hydrograph Parameters

hours0.083Time of Concentration 
(Composite)

hours0.011Computational Time 
Increment

483.432Unit Hydrograph Shape 
Factor

0.749K Factor

1.670Receding/Rising, Tr/Tp

ft³/s1.59083Unit peak, qp

hours0.056Unit peak time, Tp

Page 120 of 17027 Siemon Company Drive Suite 200 W  
Watertown, CT 06795 USA  +1-203-755-1666

2/11/2018

Bentley PondPack V8i
[08.11.01.56]

Bentley Systems, Inc.  Haestad Methods Solution 
Center00982_anl_tr20_v3.ppc



Storm Event:  10-YRLabel:  C AR_304.47bPost
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

SCS Unit Hydrograph Parameters

hours0.222Unit receding limb, Tr

hours0.278Total unit time, Tb
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Storm Event:  10-YRLabel:  C AR_304.47bPre
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

10-YRStorm Event

years10Return Event

hours24.000Duration

in4.3Depth

hours0.083Time of Concentration 
(Composite)

acres0.117Area (User Defined)

hours0.011Computational Time 
Increment

hours0.000Time to Peak (Computed)

ft³/s0.00000Flow (Peak, Computed)

hours0.050Output Increment

hours0.000Time to Flow (Peak 
Interpolated Output)

ft³/s0.00000Flow (Peak Interpolated 
Output)

Drainage Area

30.000SCS CN (Composite)

acres0.117Area (User Defined)

in23.3Maximum Retention 
(Pervious)

in4.7Maximum Retention 
(Pervious, 20 percent)

Cumulative Runoff

in0.0Cumulative Runoff Depth 
(Pervious)

ft³0.000Runoff Volume (Pervious)

Hydrograph Volume (Area under Hydrograph curve)

ft³0.000Volume

SCS Unit Hydrograph Parameters

hours0.083Time of Concentration 
(Composite)

hours0.011Computational Time 
Increment

483.432Unit Hydrograph Shape 
Factor

0.749K Factor

1.670Receding/Rising, Tr/Tp

ft³/s1.59083Unit peak, qp

hours0.056Unit peak time, Tp

Page 122 of 17027 Siemon Company Drive Suite 200 W  
Watertown, CT 06795 USA  +1-203-755-1666

2/11/2018

Bentley PondPack V8i
[08.11.01.56]

Bentley Systems, Inc.  Haestad Methods Solution 
Center00982_anl_tr20_v3.ppc



Storm Event:  10-YRLabel:  C AR_304.47bPre
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

SCS Unit Hydrograph Parameters

hours0.222Unit receding limb, Tr

hours0.278Total unit time, Tb
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Storm Event:  10-YRLabel:  C AR_304.48Post
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

10-YRStorm Event

years10Return Event

hours24.000Duration

in4.3Depth

hours0.083Time of Concentration 
(Composite)

acres0.457Area (User Defined)

hours0.011Computational Time 
Increment

hours17.522Time to Peak (Computed)

ft³/s0.00268Flow (Peak, Computed)

hours0.050Output Increment

hours17.500Time to Flow (Peak 
Interpolated Output)

ft³/s0.00267Flow (Peak Interpolated 
Output)

Drainage Area

38.000SCS CN (Composite)

acres0.457Area (User Defined)

in16.3Maximum Retention 
(Pervious)

in3.3Maximum Retention 
(Pervious, 20 percent)

Cumulative Runoff

in0.1Cumulative Runoff Depth 
(Pervious)

ft³93.377Runoff Volume (Pervious)

Hydrograph Volume (Area under Hydrograph curve)

ft³93.000Volume

SCS Unit Hydrograph Parameters

hours0.083Time of Concentration 
(Composite)

hours0.011Computational Time 
Increment

483.432Unit Hydrograph Shape 
Factor

0.749K Factor

1.670Receding/Rising, Tr/Tp

ft³/s6.21376Unit peak, qp

hours0.056Unit peak time, Tp
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Storm Event:  10-YRLabel:  C AR_304.48Post
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

SCS Unit Hydrograph Parameters

hours0.222Unit receding limb, Tr

hours0.278Total unit time, Tb
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Storm Event:  10-YRLabel:  C AR_304.48Pre
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

10-YRStorm Event

years10Return Event

hours24.000Duration

in4.3Depth

hours0.083Time of Concentration 
(Composite)

acres0.457Area (User Defined)

hours0.011Computational Time 
Increment

hours0.000Time to Peak (Computed)

ft³/s0.00000Flow (Peak, Computed)

hours0.050Output Increment

hours0.000Time to Flow (Peak 
Interpolated Output)

ft³/s0.00000Flow (Peak Interpolated 
Output)

Drainage Area

30.000SCS CN (Composite)

acres0.457Area (User Defined)

in23.3Maximum Retention 
(Pervious)

in4.7Maximum Retention 
(Pervious, 20 percent)

Cumulative Runoff

in0.0Cumulative Runoff Depth 
(Pervious)

ft³0.000Runoff Volume (Pervious)

Hydrograph Volume (Area under Hydrograph curve)

ft³0.000Volume

SCS Unit Hydrograph Parameters

hours0.083Time of Concentration 
(Composite)

hours0.011Computational Time 
Increment

483.432Unit Hydrograph Shape 
Factor

0.749K Factor

1.670Receding/Rising, Tr/Tp

ft³/s6.21376Unit peak, qp

hours0.056Unit peak time, Tp
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Storm Event:  10-YRLabel:  C AR_304.48Pre
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

SCS Unit Hydrograph Parameters

hours0.222Unit receding limb, Tr

hours0.278Total unit time, Tb
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Storm Event:  10-YRLabel:  C AR_304.49Post
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

10-YRStorm Event

years10Return Event

hours24.000Duration

in4.3Depth

hours0.094Time of Concentration 
(Composite)

acres2.330Area (User Defined)

hours0.013Computational Time 
Increment

hours24.001Time to Peak (Computed)

ft³/s0.00608Flow (Peak, Computed)

hours0.050Output Increment

hours24.000Time to Flow (Peak 
Interpolated Output)

ft³/s0.00608Flow (Peak Interpolated 
Output)

Drainage Area

35.000SCS CN (Composite)

acres2.330Area (User Defined)

in18.6Maximum Retention 
(Pervious)

in3.7Maximum Retention 
(Pervious, 20 percent)

Cumulative Runoff

in0.0Cumulative Runoff Depth 
(Pervious)

ft³127.034Runoff Volume (Pervious)

Hydrograph Volume (Area under Hydrograph curve)

ft³125.000Volume

SCS Unit Hydrograph Parameters

hours0.094Time of Concentration 
(Composite)

hours0.013Computational Time 
Increment

483.432Unit Hydrograph Shape 
Factor

0.749K Factor

1.670Receding/Rising, Tr/Tp

ft³/s28.08571Unit peak, qp

hours0.063Unit peak time, Tp
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Storm Event:  10-YRLabel:  C AR_304.49Post
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

SCS Unit Hydrograph Parameters

hours0.251Unit receding limb, Tr

hours0.313Total unit time, Tb
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Storm Event:  10-YRLabel:  C AR_304.49Pre
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

10-YRStorm Event

years10Return Event

hours24.000Duration

in4.3Depth

hours0.105Time of Concentration 
(Composite)

acres2.340Area (User Defined)

hours0.014Computational Time 
Increment

hours0.000Time to Peak (Computed)

ft³/s0.00000Flow (Peak, Computed)

hours0.050Output Increment

hours0.000Time to Flow (Peak 
Interpolated Output)

ft³/s0.00000Flow (Peak Interpolated 
Output)

Drainage Area

30.000SCS CN (Composite)

acres2.340Area (User Defined)

in23.3Maximum Retention 
(Pervious)

in4.7Maximum Retention 
(Pervious, 20 percent)

Cumulative Runoff

in0.0Cumulative Runoff Depth 
(Pervious)

ft³0.000Runoff Volume (Pervious)

Hydrograph Volume (Area under Hydrograph curve)

ft³0.000Volume

SCS Unit Hydrograph Parameters

hours0.105Time of Concentration 
(Composite)

hours0.014Computational Time 
Increment

483.432Unit Hydrograph Shape 
Factor

0.749K Factor

1.670Receding/Rising, Tr/Tp

ft³/s25.25131Unit peak, qp

hours0.070Unit peak time, Tp
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Storm Event:  10-YRLabel:  C AR_304.49Pre
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

SCS Unit Hydrograph Parameters

hours0.280Unit receding limb, Tr

hours0.350Total unit time, Tb
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Storm Event:  10-YRLabel:  C AR_304.4Post
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

10-YRStorm Event

years10Return Event

hours24.000Duration

in4.3Depth

hours0.083Time of Concentration 
(Composite)

acres1.240Area (User Defined)

hours0.011Computational Time 
Increment

hours23.999Time to Peak (Computed)

ft³/s0.00324Flow (Peak, Computed)

hours0.050Output Increment

hours24.000Time to Flow (Peak 
Interpolated Output)

ft³/s0.00324Flow (Peak Interpolated 
Output)

Drainage Area

35.000SCS CN (Composite)

acres1.240Area (User Defined)

in18.6Maximum Retention 
(Pervious)

in3.7Maximum Retention 
(Pervious, 20 percent)

Cumulative Runoff

in0.0Cumulative Runoff Depth 
(Pervious)

ft³67.604Runoff Volume (Pervious)

Hydrograph Volume (Area under Hydrograph curve)

ft³67.000Volume

SCS Unit Hydrograph Parameters

hours0.083Time of Concentration 
(Composite)

hours0.011Computational Time 
Increment

483.432Unit Hydrograph Shape 
Factor

0.749K Factor

1.670Receding/Rising, Tr/Tp

ft³/s16.86010Unit peak, qp

hours0.056Unit peak time, Tp
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Storm Event:  10-YRLabel:  C AR_304.4Post
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

SCS Unit Hydrograph Parameters

hours0.222Unit receding limb, Tr

hours0.278Total unit time, Tb
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Storm Event:  10-YRLabel:  C AR_304.4Pre
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

10-YRStorm Event

years10Return Event

hours24.000Duration

in4.3Depth

hours0.083Time of Concentration 
(Composite)

acres1.240Area (User Defined)

hours0.011Computational Time 
Increment

hours0.000Time to Peak (Computed)

ft³/s0.00000Flow (Peak, Computed)

hours0.050Output Increment

hours0.000Time to Flow (Peak 
Interpolated Output)

ft³/s0.00000Flow (Peak Interpolated 
Output)

Drainage Area

30.000SCS CN (Composite)

acres1.240Area (User Defined)

in23.3Maximum Retention 
(Pervious)

in4.7Maximum Retention 
(Pervious, 20 percent)

Cumulative Runoff

in0.0Cumulative Runoff Depth 
(Pervious)

ft³0.000Runoff Volume (Pervious)

Hydrograph Volume (Area under Hydrograph curve)

ft³0.000Volume

SCS Unit Hydrograph Parameters

hours0.083Time of Concentration 
(Composite)

hours0.011Computational Time 
Increment

483.432Unit Hydrograph Shape 
Factor

0.749K Factor

1.670Receding/Rising, Tr/Tp

ft³/s16.86010Unit peak, qp

hours0.056Unit peak time, Tp
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Storm Event:  10-YRLabel:  C AR_304.4Pre
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

SCS Unit Hydrograph Parameters

hours0.222Unit receding limb, Tr

hours0.278Total unit time, Tb
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Storm Event:  10-YRLabel:  C AR_304.5Post
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

10-YRStorm Event

years10Return Event

hours24.000Duration

in4.3Depth

hours0.083Time of Concentration 
(Composite)

acres1.010Area (User Defined)

hours0.011Computational Time 
Increment

hours23.999Time to Peak (Computed)

ft³/s0.00264Flow (Peak, Computed)

hours0.050Output Increment

hours24.000Time to Flow (Peak 
Interpolated Output)

ft³/s0.00264Flow (Peak Interpolated 
Output)

Drainage Area

35.000SCS CN (Composite)

acres1.010Area (User Defined)

in18.6Maximum Retention 
(Pervious)

in3.7Maximum Retention 
(Pervious, 20 percent)

Cumulative Runoff

in0.0Cumulative Runoff Depth 
(Pervious)

ft³55.065Runoff Volume (Pervious)

Hydrograph Volume (Area under Hydrograph curve)

ft³54.000Volume

SCS Unit Hydrograph Parameters

hours0.083Time of Concentration 
(Composite)

hours0.011Computational Time 
Increment

483.432Unit Hydrograph Shape 
Factor

0.749K Factor

1.670Receding/Rising, Tr/Tp

ft³/s13.73283Unit peak, qp

hours0.056Unit peak time, Tp
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Storm Event:  10-YRLabel:  C AR_304.5Post
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

SCS Unit Hydrograph Parameters

hours0.222Unit receding limb, Tr

hours0.278Total unit time, Tb
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Storm Event:  10-YRLabel:  C AR_304.5Pre
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

10-YRStorm Event

years10Return Event

hours24.000Duration

in4.3Depth

hours0.083Time of Concentration 
(Composite)

acres1.010Area (User Defined)

hours0.011Computational Time 
Increment

hours0.000Time to Peak (Computed)

ft³/s0.00000Flow (Peak, Computed)

hours0.050Output Increment

hours0.000Time to Flow (Peak 
Interpolated Output)

ft³/s0.00000Flow (Peak Interpolated 
Output)

Drainage Area

30.000SCS CN (Composite)

acres1.010Area (User Defined)

in23.3Maximum Retention 
(Pervious)

in4.7Maximum Retention 
(Pervious, 20 percent)

Cumulative Runoff

in0.0Cumulative Runoff Depth 
(Pervious)

ft³0.000Runoff Volume (Pervious)

Hydrograph Volume (Area under Hydrograph curve)

ft³0.000Volume

SCS Unit Hydrograph Parameters

hours0.083Time of Concentration 
(Composite)

hours0.011Computational Time 
Increment

483.432Unit Hydrograph Shape 
Factor

0.749K Factor

1.670Receding/Rising, Tr/Tp

ft³/s13.73283Unit peak, qp

hours0.056Unit peak time, Tp
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Storm Event:  10-YRLabel:  C AR_304.5Pre
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

SCS Unit Hydrograph Parameters

hours0.222Unit receding limb, Tr

hours0.278Total unit time, Tb
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Storm Event:  10-YRLabel:  C AR_304.8Post
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

10-YRStorm Event

years10Return Event

hours24.000Duration

in4.3Depth

hours0.083Time of Concentration 
(Composite)

acres2.400Area (User Defined)

hours0.011Computational Time 
Increment

hours18.122Time to Peak (Computed)

ft³/s0.01060Flow (Peak, Computed)

hours0.050Output Increment

hours18.100Time to Flow (Peak 
Interpolated Output)

ft³/s0.01059Flow (Peak Interpolated 
Output)

Drainage Area

37.000SCS CN (Composite)

acres2.400Area (User Defined)

in17.0Maximum Retention 
(Pervious)

in3.4Maximum Retention 
(Pervious, 20 percent)

Cumulative Runoff

in0.0Cumulative Runoff Depth 
(Pervious)

ft³347.765Runoff Volume (Pervious)

Hydrograph Volume (Area under Hydrograph curve)

ft³345.000Volume

SCS Unit Hydrograph Parameters

hours0.083Time of Concentration 
(Composite)

hours0.011Computational Time 
Increment

483.432Unit Hydrograph Shape 
Factor

0.749K Factor

1.670Receding/Rising, Tr/Tp

ft³/s32.63246Unit peak, qp

hours0.056Unit peak time, Tp
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Storm Event:  10-YRLabel:  C AR_304.8Post
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

SCS Unit Hydrograph Parameters

hours0.222Unit receding limb, Tr

hours0.278Total unit time, Tb
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Storm Event:  10-YRLabel:  C AR_304.8Pre
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

10-YRStorm Event

years10Return Event

hours24.000Duration

in4.3Depth

hours0.083Time of Concentration 
(Composite)

acres2.400Area (User Defined)

hours0.011Computational Time 
Increment

hours0.000Time to Peak (Computed)

ft³/s0.00000Flow (Peak, Computed)

hours0.050Output Increment

hours0.000Time to Flow (Peak 
Interpolated Output)

ft³/s0.00000Flow (Peak Interpolated 
Output)

Drainage Area

30.000SCS CN (Composite)

acres2.400Area (User Defined)

in23.3Maximum Retention 
(Pervious)

in4.7Maximum Retention 
(Pervious, 20 percent)

Cumulative Runoff

in0.0Cumulative Runoff Depth 
(Pervious)

ft³0.000Runoff Volume (Pervious)

Hydrograph Volume (Area under Hydrograph curve)

ft³0.000Volume

SCS Unit Hydrograph Parameters

hours0.083Time of Concentration 
(Composite)

hours0.011Computational Time 
Increment

483.432Unit Hydrograph Shape 
Factor

0.749K Factor

1.670Receding/Rising, Tr/Tp

ft³/s32.63246Unit peak, qp

hours0.056Unit peak time, Tp
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Storm Event:  10-YRLabel:  C AR_304.8Pre
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

SCS Unit Hydrograph Parameters

hours0.222Unit receding limb, Tr

hours0.278Total unit time, Tb
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Storm Event:  10-YRLabel:  C AR_304.9Post
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

10-YRStorm Event

years10Return Event

hours24.000Duration

in4.3Depth

hours0.083Time of Concentration 
(Composite)

acres1.980Area (User Defined)

hours0.011Computational Time 
Increment

hours0.000Time to Peak (Computed)

ft³/s0.00000Flow (Peak, Computed)

hours0.050Output Increment

hours0.000Time to Flow (Peak 
Interpolated Output)

ft³/s0.00000Flow (Peak Interpolated 
Output)

Drainage Area

32.000SCS CN (Composite)

acres1.980Area (User Defined)

in21.3Maximum Retention 
(Pervious)

in4.3Maximum Retention 
(Pervious, 20 percent)

Cumulative Runoff

in0.0Cumulative Runoff Depth 
(Pervious)

ft³0.000Runoff Volume (Pervious)

Hydrograph Volume (Area under Hydrograph curve)

ft³0.000Volume

SCS Unit Hydrograph Parameters

hours0.083Time of Concentration 
(Composite)

hours0.011Computational Time 
Increment

483.432Unit Hydrograph Shape 
Factor

0.749K Factor

1.670Receding/Rising, Tr/Tp

ft³/s26.92178Unit peak, qp

hours0.056Unit peak time, Tp
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Storm Event:  10-YRLabel:  C AR_304.9Post
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

SCS Unit Hydrograph Parameters

hours0.222Unit receding limb, Tr

hours0.278Total unit time, Tb
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Storm Event:  10-YRLabel:  C AR_304.9Pre
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

10-YRStorm Event

years10Return Event

hours24.000Duration

in4.3Depth

hours0.083Time of Concentration 
(Composite)

acres1.990Area (User Defined)

hours0.011Computational Time 
Increment

hours0.000Time to Peak (Computed)

ft³/s0.00000Flow (Peak, Computed)

hours0.050Output Increment

hours0.000Time to Flow (Peak 
Interpolated Output)

ft³/s0.00000Flow (Peak Interpolated 
Output)

Drainage Area

30.000SCS CN (Composite)

acres1.990Area (User Defined)

in23.3Maximum Retention 
(Pervious)

in4.7Maximum Retention 
(Pervious, 20 percent)

Cumulative Runoff

in0.0Cumulative Runoff Depth 
(Pervious)

ft³0.000Runoff Volume (Pervious)

Hydrograph Volume (Area under Hydrograph curve)

ft³0.000Volume

SCS Unit Hydrograph Parameters

hours0.083Time of Concentration 
(Composite)

hours0.011Computational Time 
Increment

483.432Unit Hydrograph Shape 
Factor

0.749K Factor

1.670Receding/Rising, Tr/Tp

ft³/s27.05775Unit peak, qp

hours0.056Unit peak time, Tp
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Storm Event:  10-YRLabel:  C AR_304.9Pre
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

SCS Unit Hydrograph Parameters

hours0.222Unit receding limb, Tr

hours0.278Total unit time, Tb
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Storm Event:  10-YRLabel:  C AR305.001Post
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

10-YRStorm Event

years10Return Event

hours24.000Duration

in4.3Depth

hours0.083Time of Concentration 
(Composite)

acres1.774Area (User Defined)

hours0.011Computational Time 
Increment

hours18.122Time to Peak (Computed)

ft³/s0.00784Flow (Peak, Computed)

hours0.050Output Increment

hours18.100Time to Flow (Peak 
Interpolated Output)

ft³/s0.00783Flow (Peak Interpolated 
Output)

Drainage Area

37.000SCS CN (Composite)

acres1.774Area (User Defined)

in17.0Maximum Retention 
(Pervious)

in3.4Maximum Retention 
(Pervious, 20 percent)

Cumulative Runoff

in0.0Cumulative Runoff Depth 
(Pervious)

ft³257.057Runoff Volume (Pervious)

Hydrograph Volume (Area under Hydrograph curve)

ft³255.000Volume

SCS Unit Hydrograph Parameters

hours0.083Time of Concentration 
(Composite)

hours0.011Computational Time 
Increment

483.432Unit Hydrograph Shape 
Factor

0.749K Factor

1.670Receding/Rising, Tr/Tp

ft³/s24.12082Unit peak, qp

hours0.056Unit peak time, Tp
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Storm Event:  10-YRLabel:  C AR305.001Post
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

SCS Unit Hydrograph Parameters

hours0.222Unit receding limb, Tr

hours0.278Total unit time, Tb
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Storm Event:  10-YRLabel:  C AR305.001Pre
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

10-YRStorm Event

years10Return Event

hours24.000Duration

in4.3Depth

hours0.083Time of Concentration 
(Composite)

acres1.774Area (User Defined)

hours0.011Computational Time 
Increment

hours0.000Time to Peak (Computed)

ft³/s0.00000Flow (Peak, Computed)

hours0.050Output Increment

hours0.000Time to Flow (Peak 
Interpolated Output)

ft³/s0.00000Flow (Peak Interpolated 
Output)

Drainage Area

30.000SCS CN (Composite)

acres1.774Area (User Defined)

in23.3Maximum Retention 
(Pervious)

in4.7Maximum Retention 
(Pervious, 20 percent)

Cumulative Runoff

in0.0Cumulative Runoff Depth 
(Pervious)

ft³0.000Runoff Volume (Pervious)

Hydrograph Volume (Area under Hydrograph curve)

ft³0.000Volume

SCS Unit Hydrograph Parameters

hours0.083Time of Concentration 
(Composite)

hours0.011Computational Time 
Increment

483.432Unit Hydrograph Shape 
Factor

0.749K Factor

1.670Receding/Rising, Tr/Tp

ft³/s24.12082Unit peak, qp

hours0.056Unit peak time, Tp
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Storm Event:  10-YRLabel:  C AR305.001Pre
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

SCS Unit Hydrograph Parameters

hours0.222Unit receding limb, Tr

hours0.278Total unit time, Tb
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Storm Event:  10-YRLabel:  C AR305.002APost
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

10-YRStorm Event

years10Return Event

hours24.000Duration

in4.3Depth

hours0.192Time of Concentration 
(Composite)

acres2.874Area (User Defined)

hours0.026Computational Time 
Increment

hours23.987Time to Peak (Computed)

ft³/s0.00745Flow (Peak, Computed)

hours0.050Output Increment

hours23.950Time to Flow (Peak 
Interpolated Output)

ft³/s0.00743Flow (Peak Interpolated 
Output)

Drainage Area

35.000SCS CN (Composite)

acres2.874Area (User Defined)

in18.6Maximum Retention 
(Pervious)

in3.7Maximum Retention 
(Pervious, 20 percent)

Cumulative Runoff

in0.0Cumulative Runoff Depth 
(Pervious)

ft³156.720Runoff Volume (Pervious)

Hydrograph Volume (Area under Hydrograph curve)

ft³152.000Volume

SCS Unit Hydrograph Parameters

hours0.192Time of Concentration 
(Composite)

hours0.026Computational Time 
Increment

483.432Unit Hydrograph Shape 
Factor

0.749K Factor

1.670Receding/Rising, Tr/Tp

ft³/s16.96066Unit peak, qp

hours0.128Unit peak time, Tp

Page 152 of 17027 Siemon Company Drive Suite 200 W  
Watertown, CT 06795 USA  +1-203-755-1666

2/11/2018

Bentley PondPack V8i
[08.11.01.56]

Bentley Systems, Inc.  Haestad Methods Solution 
Center00982_anl_tr20_v3.ppc



Storm Event:  10-YRLabel:  C AR305.002APost
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

SCS Unit Hydrograph Parameters

hours0.512Unit receding limb, Tr

hours0.640Total unit time, Tb
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Storm Event:  10-YRLabel:  C AR305.002APre
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

10-YRStorm Event

years10Return Event

hours24.000Duration

in4.3Depth

hours0.214Time of Concentration 
(Composite)

acres2.874Area (User Defined)

hours0.029Computational Time 
Increment

hours0.000Time to Peak (Computed)

ft³/s0.00000Flow (Peak, Computed)

hours0.050Output Increment

hours0.000Time to Flow (Peak 
Interpolated Output)

ft³/s0.00000Flow (Peak Interpolated 
Output)

Drainage Area

30.000SCS CN (Composite)

acres2.874Area (User Defined)

in23.3Maximum Retention 
(Pervious)

in4.7Maximum Retention 
(Pervious, 20 percent)

Cumulative Runoff

in0.0Cumulative Runoff Depth 
(Pervious)

ft³0.000Runoff Volume (Pervious)

Hydrograph Volume (Area under Hydrograph curve)

ft³0.000Volume

SCS Unit Hydrograph Parameters

hours0.214Time of Concentration 
(Composite)

hours0.029Computational Time 
Increment

483.432Unit Hydrograph Shape 
Factor

0.749K Factor

1.670Receding/Rising, Tr/Tp

ft³/s15.21704Unit peak, qp

hours0.143Unit peak time, Tp
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Storm Event:  10-YRLabel:  C AR305.002APre
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

SCS Unit Hydrograph Parameters

hours0.571Unit receding limb, Tr

hours0.713Total unit time, Tb
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Storm Event:  10-YRLabel:  C AR305.002Post
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

10-YRStorm Event

years10Return Event

hours24.000Duration

in4.3Depth

hours0.130Time of Concentration 
(Composite)

acres2.051Area (User Defined)

hours0.017Computational Time 
Increment

hours23.989Time to Peak (Computed)

ft³/s0.00714Flow (Peak, Computed)

hours0.050Output Increment

hours23.950Time to Flow (Peak 
Interpolated Output)

ft³/s0.00712Flow (Peak Interpolated 
Output)

Drainage Area

36.000SCS CN (Composite)

acres2.051Area (User Defined)

in17.8Maximum Retention 
(Pervious)

in3.6Maximum Retention 
(Pervious, 20 percent)

Cumulative Runoff

in0.0Cumulative Runoff Depth 
(Pervious)

ft³194.389Runoff Volume (Pervious)

Hydrograph Volume (Area under Hydrograph curve)

ft³192.000Volume

SCS Unit Hydrograph Parameters

hours0.130Time of Concentration 
(Composite)

hours0.017Computational Time 
Increment

483.432Unit Hydrograph Shape 
Factor

0.749K Factor

1.670Receding/Rising, Tr/Tp

ft³/s17.87638Unit peak, qp

hours0.087Unit peak time, Tp
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Storm Event:  10-YRLabel:  C AR305.002Post
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

SCS Unit Hydrograph Parameters

hours0.347Unit receding limb, Tr

hours0.433Total unit time, Tb
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Storm Event:  10-YRLabel:  C AR305.002Pre
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

10-YRStorm Event

years10Return Event

hours24.000Duration

in4.3Depth

hours0.149Time of Concentration 
(Composite)

acres2.051Area (User Defined)

hours0.020Computational Time 
Increment

hours0.000Time to Peak (Computed)

ft³/s0.00000Flow (Peak, Computed)

hours0.050Output Increment

hours0.000Time to Flow (Peak 
Interpolated Output)

ft³/s0.00000Flow (Peak Interpolated 
Output)

Drainage Area

30.000SCS CN (Composite)

acres2.051Area (User Defined)

in23.3Maximum Retention 
(Pervious)

in4.7Maximum Retention 
(Pervious, 20 percent)

Cumulative Runoff

in0.0Cumulative Runoff Depth 
(Pervious)

ft³0.000Runoff Volume (Pervious)

Hydrograph Volume (Area under Hydrograph curve)

ft³0.000Volume

SCS Unit Hydrograph Parameters

hours0.149Time of Concentration 
(Composite)

hours0.020Computational Time 
Increment

483.432Unit Hydrograph Shape 
Factor

0.749K Factor

1.670Receding/Rising, Tr/Tp

ft³/s15.59684Unit peak, qp

hours0.099Unit peak time, Tp
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Storm Event:  10-YRLabel:  C AR305.002Pre
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

SCS Unit Hydrograph Parameters

hours0.397Unit receding limb, Tr

hours0.497Total unit time, Tb
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Storm Event:  10-YRLabel:  C AR305.003APost
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

10-YRStorm Event

years10Return Event

hours24.000Duration

in4.3Depth

hours0.083Time of Concentration 
(Composite)

acres1.546Area (User Defined)

hours0.011Computational Time 
Increment

hours17.522Time to Peak (Computed)

ft³/s0.00906Flow (Peak, Computed)

hours0.050Output Increment

hours17.500Time to Flow (Peak 
Interpolated Output)

ft³/s0.00905Flow (Peak Interpolated 
Output)

Drainage Area

38.000SCS CN (Composite)

acres1.546Area (User Defined)

in16.3Maximum Retention 
(Pervious)

in3.3Maximum Retention 
(Pervious, 20 percent)

Cumulative Runoff

in0.1Cumulative Runoff Depth 
(Pervious)

ft³315.887Runoff Volume (Pervious)

Hydrograph Volume (Area under Hydrograph curve)

ft³314.000Volume

SCS Unit Hydrograph Parameters

hours0.083Time of Concentration 
(Composite)

hours0.011Computational Time 
Increment

483.432Unit Hydrograph Shape 
Factor

0.749K Factor

1.670Receding/Rising, Tr/Tp

ft³/s21.02074Unit peak, qp

hours0.056Unit peak time, Tp
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Storm Event:  10-YRLabel:  C AR305.003APost
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

SCS Unit Hydrograph Parameters

hours0.222Unit receding limb, Tr

hours0.278Total unit time, Tb
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Storm Event:  10-YRLabel:  C AR305.003APre
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

10-YRStorm Event

years10Return Event

hours24.000Duration

in4.3Depth

hours0.088Time of Concentration 
(Composite)

acres1.546Area (User Defined)

hours0.012Computational Time 
Increment

hours0.000Time to Peak (Computed)

ft³/s0.00000Flow (Peak, Computed)

hours0.050Output Increment

hours0.000Time to Flow (Peak 
Interpolated Output)

ft³/s0.00000Flow (Peak Interpolated 
Output)

Drainage Area

30.000SCS CN (Composite)

acres1.546Area (User Defined)

in23.3Maximum Retention 
(Pervious)

in4.7Maximum Retention 
(Pervious, 20 percent)

Cumulative Runoff

in0.0Cumulative Runoff Depth 
(Pervious)

ft³0.000Runoff Volume (Pervious)

Hydrograph Volume (Area under Hydrograph curve)

ft³0.000Volume

SCS Unit Hydrograph Parameters

hours0.088Time of Concentration 
(Composite)

hours0.012Computational Time 
Increment

483.432Unit Hydrograph Shape 
Factor

0.749K Factor

1.670Receding/Rising, Tr/Tp

ft³/s19.90600Unit peak, qp

hours0.059Unit peak time, Tp
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Storm Event:  10-YRLabel:  C AR305.003APre
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

SCS Unit Hydrograph Parameters

hours0.235Unit receding limb, Tr

hours0.293Total unit time, Tb
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Storm Event:  10-YRLabel:  C AR305.003Post
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

10-YRStorm Event

years10Return Event

hours24.000Duration

in4.3Depth

hours0.251Time of Concentration 
(Composite)

acres6.185Area (User Defined)

hours0.033Computational Time 
Increment

hours23.995Time to Peak (Computed)

ft³/s0.02144Flow (Peak, Computed)

hours0.050Output Increment

hours24.000Time to Flow (Peak 
Interpolated Output)

ft³/s0.02140Flow (Peak Interpolated 
Output)

Drainage Area

36.000SCS CN (Composite)

acres6.185Area (User Defined)

in17.8Maximum Retention 
(Pervious)

in3.6Maximum Retention 
(Pervious, 20 percent)

Cumulative Runoff

in0.0Cumulative Runoff Depth 
(Pervious)

ft³586.200Runoff Volume (Pervious)

Hydrograph Volume (Area under Hydrograph curve)

ft³570.000Volume

SCS Unit Hydrograph Parameters

hours0.251Time of Concentration 
(Composite)

hours0.033Computational Time 
Increment

483.432Unit Hydrograph Shape 
Factor

0.749K Factor

1.670Receding/Rising, Tr/Tp

ft³/s27.92050Unit peak, qp

hours0.167Unit peak time, Tp
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Storm Event:  10-YRLabel:  C AR305.003Post
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

SCS Unit Hydrograph Parameters

hours0.669Unit receding limb, Tr

hours0.837Total unit time, Tb
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Storm Event:  10-YRLabel:  C AR305.003Pre
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

10-YRStorm Event

years10Return Event

hours24.000Duration

in4.3Depth

hours0.287Time of Concentration 
(Composite)

acres6.185Area (User Defined)

hours0.038Computational Time 
Increment

hours0.000Time to Peak (Computed)

ft³/s0.00000Flow (Peak, Computed)

hours0.050Output Increment

hours0.000Time to Flow (Peak 
Interpolated Output)

ft³/s0.00000Flow (Peak Interpolated 
Output)

Drainage Area

30.000SCS CN (Composite)

acres6.185Area (User Defined)

in23.3Maximum Retention 
(Pervious)

in4.7Maximum Retention 
(Pervious, 20 percent)

Cumulative Runoff

in0.0Cumulative Runoff Depth 
(Pervious)

ft³0.000Runoff Volume (Pervious)

Hydrograph Volume (Area under Hydrograph curve)

ft³0.000Volume

SCS Unit Hydrograph Parameters

hours0.287Time of Concentration 
(Composite)

hours0.038Computational Time 
Increment

483.432Unit Hydrograph Shape 
Factor

0.749K Factor

1.670Receding/Rising, Tr/Tp

ft³/s24.41828Unit peak, qp

hours0.191Unit peak time, Tp
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Storm Event:  10-YRLabel:  C AR305.003Pre
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

SCS Unit Hydrograph Parameters

hours0.765Unit receding limb, Tr

hours0.957Total unit time, Tb
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C AR_304.15Post (Unit Hydrograph Summary, 10 years)...64, 65

C AR_304.13 Pre (Unit Hydrograph Summary, 10 years)...62, 63

C AR_304.13 Post (Unit Hydrograph Summary, 10 years)...60, 61

C AR_304.11Pre (Unit Hydrograph Summary, 10 years)...58, 59

C AR_304.11Post (Unit Hydrograph Summary, 10 years)...56, 57

C AR_304.10*Pre (Unit Hydrograph Summary, 10 years)...54, 55

C AR_304.10*Post (Unit Hydrograph Summary, 10 years)...52, 53

C AR_304.10 Pre (Unit Hydrograph Summary, 10 years)...50, 51

C AR_304.10 Post (Unit Hydrograph Summary, 10 years)...48, 49

C

36-014-AR2-POA_R007Pre (Unit Hydrograph Summary, 10 years)...46, 47

36-014-AR2-POA_R007Post (Unit Hydrograph Summary, 10 years)...44, 45

36-014-AR2-POA_R006Pre (Unit Hydrograph Summary, 10 years)...42, 43

36-014-AR2-POA_R006Post (Unit Hydrograph Summary, 10 years)...40, 41

36-014-AR2-POA_R005 Pre (Unit Hydrograph Summary, 10 years)...38, 39

36-014-AR2-POA_R005 Post (Unit Hydrograph Summary, 10 years)...36, 37

36-014-AR2-POA_R004 Pre (Unit Hydrograph Summary, 10 years)...34, 35

36-014-AR2-POA_R004 Post (Unit Hydrograph Summary, 10 years)...32, 33

36-014-AR2-POA_R003 Pre (Unit Hydrograph Summary, 10 years)...30, 31

36-014-AR2-POA_R003 Post (Unit Hydrograph Summary, 10 years)...28, 29
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3
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06_001_C037.AR2_AOA_C2Post (Unit Hydrograph Summary, 10 years)...12, 13
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06_001_C037.AR2_AOA_C15Post (Unit Hydrograph Summary, 10 years)...8, 9
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C AR_304.49Pre (Unit Hydrograph Summary, 10 years)...130, 131

C AR_304.49Post (Unit Hydrograph Summary, 10 years)...128, 129
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C AR_304.48Post (Unit Hydrograph Summary, 10 years)...124, 125
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C AR_304.47bPost (Unit Hydrograph Summary, 10 years)...120, 121
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C AR_304.47aPost (Unit Hydrograph Summary, 10 years)...116, 117

C AR_304.2Pre (Unit Hydrograph Summary, 10 years)...114, 115

C AR_304.2Post (Unit Hydrograph Summary, 10 years)...112, 113

C AR_304.28cPre (Unit Hydrograph Summary, 10 years)...110, 111

C AR_304.28cPost (Unit Hydrograph Summary, 10 years)...108, 109
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C AR_304.24aPost (Unit Hydrograph Summary, 10 years)...88, 89
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C AR_304.22aPre (Unit Hydrograph Summary, 10 years)...82, 83

C AR_304.22aPost (Unit Hydrograph Summary, 10 years)...80, 81

C AR_304.1Pre (Unit Hydrograph Summary, 10 years)...78, 79

C AR_304.1Post (Unit Hydrograph Summary, 10 years)...76, 77

C AR_304.19Pre (Unit Hydrograph Summary, 10 years)...74, 75

C AR_304.19Post (Unit Hydrograph Summary, 10 years)...72, 73

C AR_304.16Pre (Unit Hydrograph Summary, 10 years)...70, 71

C AR_304.16Post (Unit Hydrograph Summary, 10 years)...68, 69

C AR_304.15Pre (Unit Hydrograph Summary, 10 years)...66, 67

Page 169 of 17027 Siemon Company Drive Suite 200 W  
Watertown, CT 06795 USA  +1-203-755-1666

2/11/2018

Bentley PondPack V8i
[08.11.01.56]

Bentley Systems, Inc.  Haestad Methods Solution 
Center00982_anl_tr20_v3.ppc
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Attachment 3 – Hydrologic Soil Group Assignments for Soils without a SSURGO 
Classification 



Soil Name HSG Assignment
Aquents, 0 to 2 percent slopes, frequently ponded D
Dam D
Gullied land D
Industrial waste pond D
Made Land D
Mixed alluvial land B
Mixed alluvium, poorly drained B
Mixed alluvium, well drained B
Pits and dumps D
Pits, quarry D
Rock land D
Rock outcrop-Chilhowie complex, steep D
Rock outcrop-Drall complex, steep D
Rock outcrop-Frederick complex, sloping D
Rock outcrop-Frederick complex, steep D
Rock outcrop-Opequon complex, 55 to 100 percent slopes D
Rubble land D
Stony land D
Udorthents, bouldery D
Udorthents, dams D
Udorthents, loamy D
Udorthents, sandy D
Udorthents, shaly D
Udorthents, smoothed D
Udorthents, smoothed, 0 to 25 percent slopes D
Udorthents, smoothed, 3 to 35 percent slopes D
Udorthents, smoothed-Urban land complex D
Udorthents-Dumps complex D
Udorthents-Rock outcrop complex, 15 to 100 percent slopes D
Udorthents-Urban land complex, 0 to 45 percent slopes D
Urban land D
Urban land, 0 to 5 percent slopes D
Urban land-Conetoe-Chesapeake-Tetotum complex, 2 to 40 percent slopes D
Urban Land-Udorthents complex, 0 to 2 percent slopes D



Note regarding Soils without Assigned HSGs: To facilitate computations of Curve Numbers
(CNs) using the TR-55 methodology, Hydrologic Soil Groups (HSG) were assigned in cases
where HSGs were not listed in the Soil Survey Geographic Database (SSURGO). The HSG
assignment was determined using guidance from Appendix A of the TR-55 (Appendix A,
Technical Release 55 Urban Hydrology for Small Watersheds, TR-55, United States
Department of Agriculture and Natural Resources Conservation Service. 1986). Project
specific field investigations were not considered to determine HSG assignments for soils. The
majority of the soils were conservatively assigned HSG D based on the map unit name, which
in most cases points to urban and industrial land use. To identify the appropriate HSG for
mixed alluvial lands, the USDA Web Soil Survey was consulted to obtain more information.
The mixed alluvial lands, both poorly and well drained, intersect the project areas primarily in
Prince Edward County. (The Soil Resource Report is attached.) The typical profiles of both
soils are silt loam. Therefore, the soil profile corresponds best to soil texture of HSG B - silt
loam or loam, as listed in Appendix A of the TR-55. The typical capacity of the most limiting
layer to transmit water is moderately high to high (0.57 to 1.98 in/hr) for both soils. The
capacity to transmit water of both soils is greater than that noted to be typical for group B soils
(0.15-0.30 in/hr) and group A soils (greater than 0.30 in/hr) as noted in Appendix A of the
TR-55. The difference in the natural drainage class does not appear to be differentiating
characteristic for association with Hydrologic Soil Groups as defined by the TR-55.
Consequently, HSG B is an appropriate classification for all mixed alluvial lands.



















 
Attachment 4 – Mitigation Measures Assessment Computations 

 
Table A4.1: TR-55 Sheet Flow Velocity Assessment (Wooded & Pasture) 
 
Table A4.2: Diffuser Sedimentation Estimates 
 
Table A4.3: Storage Volume Calculator 
 
Table A4.4: Standard Diffuser Sizing 
 
Table A4.5: Diffuser Unit Rating Curve 
 
Figure A4.6: Gravel Diaphragm Waterstop 
 
Figure A4.7: Culvert Flanking Strategy 
 
Figure A4.8: Gravel Diversion Trench 
 
Figure A4.9: Vs/Vr Worksheets 
 
Figure A4.10: Flow Diffuser Construction in High Groundwater Table Conditions 
 

  



= 0.007 * [((nL)^0.8) / (P2^0.5 * s^0.4)] Assumptions:
L = 100 

Where: Tt = travel time (hr) n = 0.4 for woods 
L = Length of overland flow (ft) n = 0.15 for pasture (short grass)
n = Mannings Roughness coefficient P2 = 3.7
P2 = 2 year, 24 hour rainfall in inches 
s = slope (ft/ft)

Slope (ft/ft) Tt (hr) Tt (s) Length/Tt (fps) 
Slope 
(ft/ft) Tt (hr) Tt (s) 

Length/Tt 
(fps) 

0.01 0.4392 1581.06 0.0632 0.01 0.2004 721.3943 0.1386
0.02 0.3328 1198.22 0.0835 0.02 0.1519 546.7146 0.1829
0.03 0.2830 1018.82 0.0982 0.03 0.1291 464.8621 0.2151
0.04 0.2522 908.08 0.1101 0.04 0.1151 414.3322 0.2414
0.05 0.2307 830.54 0.1204 0.05 0.1053 378.9524 0.2639
0.06 0.2145 772.12 0.1295 0.06 0.0979 352.2996 0.2838
0.07 0.2017 725.95 0.1377 0.07 0.0920 331.2329 0.3019
0.08 0.1912 688.20 0.1453 0.08 0.0872 314.0051 0.3185
0.09 0.1824 656.52 0.1523 0.09 0.0832 299.5544 0.3338
0.10 0.1748 629.43 0.1589 0.10 0.0798 287.1922 0.3482
0.11 0.1683 605.89 0.1650 0.11 0.0768 276.4494 0.3617
0.12 0.1625 585.16 0.1709 0.12 0.0742 266.9932 0.3745
0.13 0.1574 566.72 0.1765 0.13 0.0718 258.5802 0.3867
0.14 0.1528 550.17 0.1818 0.14 0.0697 251.0276 0.3984
0.15 0.1487 535.19 0.1868 0.15 0.0678 244.1947 0.4095
0.16 0.1449 521.55 0.1917 0.16 0.0661 237.9714 0.4202
0.17 0.1414 509.06 0.1964 0.17 0.0645 232.2700 0.4305
0.18 0.1382 497.55 0.2010 0.18 0.0631 227.0198 0.4405
0.19 0.1353 486.91 0.2054 0.19 0.0617 222.1628 0.4501
0.20 0.1325 477.02 0.2096 0.20 0.0605 217.6510 0.4595
0.21 0.1299 467.80 0.2138 0.21 0.0593 213.4445 0.4685
0.22 0.1275 459.18 0.2178 0.22 0.0582 209.5094 0.4773
0.23 0.1253 451.08 0.2217 0.23 0.0572 205.8171 0.4859
0.24 0.1232 443.47 0.2255 0.24 0.0562 202.3430 0.4942
0.25 0.1212 436.29 0.2292 0.25 0.0553 199.0658 0.5023
0.26 0.1193 429.50 0.2328 0.26 0.0544 195.9672 0.5103
0.27 0.1175 423.06 0.2364 0.27 0.0536 193.0311 0.5181
0.28 0.1158 416.95 0.2398 0.28 0.0528 190.2433 0.5256
0.29 0.1142 411.14 0.2432 0.29 0.0521 187.5916 0.5331
0.30 0.1127 405.60 0.2465 0.30 0.0514 185.0650 0.5404
0.31 0.1112 400.32 0.2498 0.31 0.0507 182.6535 0.5475
0.32 0.1098 395.26 0.2530 0.32 0.0501 180.3486 0.5545
0.33 0.1085 390.43 0.2561 0.33 0.0495 178.1423 0.5613
0.34 0.1072 385.79 0.2592 0.34 0.0489 176.0277 0.5681
0.35 0.1059 381.35 0.2622 0.35 0.0483 173.9985 0.5747
0.36 0.1047 377.07 0.2652 0.36 0.0478 172.0488 0.5812
0.37 0.1036 372.96 0.2681 0.37 0.0473 170.1735 0.5876
0.38 0.1025 369.01 0.2710 0.38 0.0468 168.3679 0.5939
0.39 0.1014 365.19 0.2738 0.39 0.0463 166.6276 0.6001
0.40 0.1004 361.51 0.2766 0.40 0.0458 164.9486 0.6062
0.41 0.0994 357.96 0.2794 0.41 0.0454 163.3274 0.6123
0.42 0.0985 354.53 0.2821 0.42 0.0449 161.7607 0.6182
0.43 0.0976 351.20 0.2847 0.43 0.0445 160.2453 0.6240
0.44 0.0967 347.99 0.2874 0.44 0.0441 158.7785 0.6298

Sheet Flow Equation 

Velocity Check in Wooded Conditions Velocity Check in Pasture Conditions



0.45 0.0958 344.88 0.2900 0.45 0.0437 157.3576 0.6355
0.46 0.0950 341.86 0.2925 0.46 0.0433 155.9802 0.6411
0.47 0.0941 338.93 0.2950 0.47 0.0430 154.6442 0.6466
0.48 0.0934 336.09 0.2975 0.48 0.0426 153.3473 0.6521
0.49 0.0926 333.33 0.3000 0.49 0.0422 152.0878 0.6575
0.50 0.0918 330.64 0.3024 0.50 0.0419 150.8637 0.6629
0.51 0.0911 328.03 0.3048 0.51 0.0416 149.6734 0.6681
0.52 0.0904 325.50 0.3072 0.52 0.0413 148.5154 0.6733
0.53 0.0897 323.03 0.3096 0.53 0.0409 147.3881 0.6785
0.54 0.0891 320.62 0.3119 0.54 0.0406 146.2902 0.6836
0.55 0.0884 318.28 0.3142 0.55 0.0403 145.2204 0.6886
0.56 0.0878 315.99 0.3165 0.56 0.0400 144.1775 0.6936
0.57 0.0872 313.76 0.3187 0.57 0.0398 143.1603 0.6985
0.58 0.0866 311.58 0.3209 0.58 0.0395 142.1679 0.7034
0.59 0.0860 309.46 0.3231 0.59 0.0392 141.1991 0.7082
0.60 0.0854 307.39 0.3253 0.60 0.0390 140.2530 0.7130
0.61 0.0848 305.36 0.3275 0.61 0.0387 139.3288 0.7177
0.62 0.0843 303.38 0.3296 0.62 0.0385 138.4255 0.7224
0.63 0.0837 301.45 0.3317 0.63 0.0382 137.5424 0.7270
0.64 0.0832 299.55 0.3338 0.64 0.0380 136.6787 0.7316
0.65 0.0827 297.70 0.3359 0.65 0.0377 135.8336 0.7362
0.66 0.0822 295.89 0.3380 0.66 0.0375 135.0066 0.7407
0.67 0.0817 294.12 0.3400 0.67 0.0373 134.1970 0.7452
0.68 0.0812 292.38 0.3420 0.68 0.0371 133.4041 0.7496
0.69 0.0807 290.68 0.3440 0.69 0.0368 132.6273 0.7540
0.70 0.0803 289.01 0.3460 0.70 0.0366 131.8662 0.7583
0.71 0.0798 287.37 0.3480 0.71 0.0364 131.1201 0.7627
0.72 0.0794 285.77 0.3499 0.72 0.0362 130.3886 0.7669
0.73 0.0789 284.20 0.3519 0.73 0.0360 129.6712 0.7712
0.74 0.0785 282.65 0.3538 0.74 0.0358 128.9674 0.7754
0.75 0.0781 281.14 0.3557 0.75 0.0356 128.2768 0.7796
0.76 0.0777 279.65 0.3576 0.76 0.0354 127.5990 0.7837
0.77 0.0773 278.20 0.3595 0.77 0.0353 126.9335 0.7878
0.78 0.0769 276.76 0.3613 0.78 0.0351 126.2801 0.7919
0.79 0.0765 275.36 0.3632 0.79 0.0349 125.6382 0.7959
0.80 0.0761 273.98 0.3650 0.80 0.0347 125.0077 0.8000
0.81 0.0757 272.62 0.3668 0.81 0.0346 124.3881 0.8039
0.82 0.0754 271.28 0.3686 0.82 0.0344 123.7790 0.8079
0.83 0.0750 269.97 0.3704 0.83 0.0342 123.1804 0.8118
0.84 0.0746 268.68 0.3722 0.84 0.0341 122.5917 0.8157
0.85 0.0743 267.41 0.3740 0.85 0.0339 122.0127 0.8196
0.86 0.0739 266.16 0.3757 0.86 0.0337 121.4432 0.8234
0.87 0.0736 264.94 0.3775 0.87 0.0336 120.8829 0.8272
0.88 0.0733 263.73 0.3792 0.88 0.0334 120.3316 0.8310
0.89 0.0729 262.54 0.3809 0.89 0.0333 119.7889 0.8348
0.90 0.0726 261.37 0.3826 0.90 0.0331 119.2547 0.8385
0.91 0.0723 260.21 0.3843 0.91 0.0330 118.7288 0.8423
0.92 0.0720 259.08 0.3860 0.92 0.0328 118.2109 0.8459
0.93 0.0717 257.96 0.3877 0.93 0.0327 117.7008 0.8496
0.94 0.0714 256.86 0.3893 0.94 0.0326 117.1984 0.8533
0.95 0.0710 255.78 0.3910 0.95 0.0324 116.7033 0.8569
0.96 0.0708 254.71 0.3926 0.96 0.0323 116.2155 0.8605
0.97 0.0705 253.65 0.3942 0.97 0.0321 115.7348 0.8640
0.98 0.0702 252.61 0.3959 0.98 0.0320 115.2610 0.8676
0.99 0.0699 251.59 0.3975 0.99 0.0319 114.7938 0.8711
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Discharge (cfs) 
NYS Diffuser 
Sizing (FT @ 

0.25cfs)

Standard 
Diffuser Size 

(FT)

0.100 0.40 -
0.200 0.80 -
0.300 1.20 -
0.400 1.60 -
0.500 2.00 -
0.600 2.40 6.00
0.700 2.80 6.00
0.800 3.20 6.00
0.900 3.60 6.00
1.000 4.00 6.00
1.100 4.40 6.00
1.200 4.80 6.00
1.300 5.20 6.00
1.400 5.60 6.00
1.500 6.00 6.00
1.600 6.40 8.00
1.700 6.80 8.00
1.800 7.20 8.00
1.900 7.60 8.00
2.000 8.00 8.00
2.100 8.40 10.00
2.200 8.80 10.00
2.300 9.20 10.00
2.400 9.60 10.00
2.500 10.00 10.00
2.600 10.40 12.00
2.700 10.80 12.00
2.800 11.20 12.00
2.900 11.60 12.00
3.000 12.00 12.00
3.100 12.40 14.00
3.200 12.80 14.00
3.300 13.20 14.00
3.400 13.60 14.00
3.500 14.00 14.00
3.600 14.40 16.00
3.700 14.80 16.00
3.800 15.20 16.00
3.900 15.60 16.00
4.000 16.00 16.00
4.100 16.40 18.00
4.200 16.80 18.00
4.300 17.20 18.00



4.400 17.60 18.00
4.500 18.00 18.00
4.600 18.40 20.00
4.700 18.80 20.00
4.800 19.20 20.00
4.900 19.60 20.00
5.000 20.00 20.00
5.100 20.40 22.00
5.200 20.80 22.00
5.300 21.20 22.00
5.400 21.60 22.00
5.500 22.00 22.00
5.600 22.40 24.00
5.700 22.80 24.00
5.800 23.20 24.00
5.900 23.60 24.00
6.000 24.00 24.00
6.100 24.40 26.00
6.200 24.80 26.00
6.300 25.20 26.00
6.400 25.60 26.00
6.500 26.00 26.00
6.600 26.40 28.00
6.700 26.80 28.00
6.800 27.20 28.00
6.900 27.60 28.00
7.000 28.00 28.00
7.100 28.40 30.00
7.200 28.80 30.00
7.300 29.20 30.00
7.400 29.60 30.00
7.500 30.00 30.00
7.600 30.40 32.00
7.700 30.80 32.00
7.800 31.20 32.00
7.900 31.60 32.00
8.000 32.00 32.00
8.100 32.40 34.00
8.200 32.80 34.00
8.300 33.20 34.00
8.400 33.60 34.00
8.500 34.00 34.00
8.600 34.40 36.00
8.700 34.80 36.00
8.800 35.20 36.00
8.900 35.60 36.00
9.000 36.00 36.00



9.100 36.40 38.00
9.200 36.80 38.00
9.300 37.20 38.00
9.400 37.60 38.00
9.500 38.00 38.00
9.600 38.40 40.00
9.700 38.80 40.00
9.800 39.20 40.00
9.900 39.60 40.00

10.000 40.00 40.00
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Length of Flow Diffuser 1 ft

Elevation Flow Through Berm (cfs) Flow Over Berm (cfs) Total Flow (cfs)
0 0.00 0.00 0.00

0.1 0.00 0.00 0.00
0.2 0.01 0.00 0.01
0.3 0.04 0.00 0.04
0.4 0.07 0.00 0.07
0.5 0.12 0.00 0.12
0.6 0.19 0.00 0.19

0.67 0.25 0.00 0.25
0.7 0.25 0.52 0.77
0.8 0.25 1.08 1.33
0.9 0.25 1.44 1.69
1 0.25 1.72 1.97

1.1 0.25 1.97 2.22
1.2 0.25 2.18 2.43
1.3 0.25 2.38 2.63
1.4 0.25 2.56 2.81
1.5 0.25 2.73 2.98
1.6 0.25 2.89 3.14
1.7 0.25 3.04 3.29
1.8 0.25 3.19 3.44
1.9 0.25 3.33 3.58
2 0.25 3.46 3.71

2.1 0.25 3.59 3.84
2.2 0.25 3.71 3.96
2.3 0.25 3.83 4.08
2.4 0.25 3.95 4.20
2.5 0.25 4.06 4.31
2.6 0.25 4.17 4.42
2.7 0.25 4.27 4.52
2.8 0.25 4.38 4.63
2.9 0.25 4.48 4.73
3 0.25 4.58 4.83
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Weir Equation Q=C*L*(h^.5)
Q - Flow (cfs)
C 3 Weir Coefficient
L 1 Length of Diffuser (ft)
h - Height above weir (ft) Elevation (ft) Flow (cfs)

0.67 0.000
0.7 0.520
0.8 1.082
0.9 1.439
1 1.723

1.1 1.967
1.2 2.184
1.3 2.381
1.4 2.563
1.5 2.733
1.6 2.893
1.7 3.045
1.8 3.189
1.9 3.327
2 3.460

2.1 3.587
2.2 3.711
2.3 3.830
2.4 3.946
2.5 4.058
2.6 4.168
2.7 4.274
2.8 4.378
2.9 4.480
3 4.579



Le
ng

th
 o

f F
lo

w
 D

iff
us

er
1

ft

El
ev

at
io

n
Fl

ow
 T

hr
ou

gh
 B

er
m

 (c
fs

)
Fl

ow
 O

ve
r B

er
m

 (c
fs

)
To

ta
l F

lo
w

 (c
fs

)
0

0.
00

0.
00

0.
00

0.
1

0.
01

0.
00

0.
01

0.
2

0.
03

0.
00

0.
03

0.
3

0.
05

0.
00

0.
05

0.
4

0.
08

0.
00

0.
08

0.
5

0.
12

0.
00

0.
12

0.
6

0.
16

0.
00

0.
16

0.
67

0.
19

0.
00

0.
19

0.
7

0.
25

0.
52

0.
77

0.
8

0.
25

1.
08

1.
33

0.
9

0.
25

1.
44

1.
69

1
0.

25
1.

72
1.

97
1.

1
0.

25
1.

97
2.

22
1.

2
0.

25
2.

18
2.

43
1.

3
0.

25
2.

38
2.

63
1.

4
0.

25
2.

56
2.

81
1.

5
0.

25
2.

73
2.

98
1.

6
0.

25
2.

89
3.

14
1.

7
0.

25
3.

04
3.

29
1.

8
0.

25
3.

19
3.

44
1.

9
0.

25
3.

33
3.

58
2

0.
25

3.
46

3.
71

2.
1

0.
25

3.
59

3.
84

2.
2

0.
25

3.
71

3.
96

2.
3

0.
25

3.
83

4.
08

2.
4

0.
25

3.
95

4.
20

2.
5

0.
25

4.
06

4.
31

2.
6

0.
25

4.
17

4.
42

2.
7

0.
25

4.
27

4.
52

2.
8

0.
25

4.
38

4.
63

2.
9

0.
25

4.
48

4.
73

3
0.

25
4.

58
4.

83

0

0.
51

1.
52

2.
53

3.
5 0.

00
1.

00
2.

00
3.

00
4.

00
5.

00
6.

00

Elevation (ft)

Fl
ow

 (c
fs

)

Fl
ow

 D
iff

us
er

 R
at

in
g 

Cu
rv

e

Fi
gu

re
 A

4.
5:

 G
ab

io
n 

Fl
ow

 R
at

in
g 

C
ur

ve
 (p

er
 P

en
n 

S
ta

te
)



Fi
gu

re
 A

4.
6:

 G
ra

ve
l D

ia
ph

ra
gm

 W
at

er
 S

to
p



Fi
gu

re
 A

4.
7:

 C
ul

ve
rt 

Fl
an

ki
ng

 S
tra

te
gy



Figure A4.8: Gravel Diversion Trench and Ridgetop Runoff
Collection and Diffuser Strategy

Detail: Gravel Diversion Trench and Ridgetop Runoff Collection
and Diffuser Strategy

Detail: Ridgetop Runoff Collection and Diffuser Strategy



Technical Release 55
Urban Hydrology for Small Watersheds

Storage Volume for Detention BasinsChapter 6

6–2 (210-VI-TR-55, Second Ed., June 1986)

Input requirements and
procedures

Use figure 6-1 estimate storage volume (Vs) required or
peak outflow discharge (qo). The most frequent appli-
cation is to estimate Vs, for which the required inputs
are runoff volume (Vr), qo, and  peak inflow discharge
(qi). To estimate qo, the required inputs are Vr, Vs,
and qi.

Estimating Vs

Use worksheet 6a to estimate Vs, storage volume
required, by the following procedure.

1. Determine qo. Many factors may dictate the selec-
tion of peak outflow discharge. The most common
is to limit downstream discharges to a  desired
level, such as predevelopment discharge. Another
factor may be that the outflow device has already
been selected.

2. Estimate qi by procedures in chapters 4 or 5. Do
not use peak discharges developed by other proce-
dure. When using the Tabular Hydrograph method
to estimate qi for a subarea, only use peak dis-
charge associated with Tt = 0.

Types II and III

Types I and IA

.4 .5 .6 .7 .8.3.2.1
Peak outflow discharge

Peak inflow discharge
qo
qi

(  )

.1

.2

.3

.4

.5

.6

St
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ag
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vo
lu

m
e

R
un

of
f v

ol
um

e
V s V r

Figure 6-1 Approximate detention basin routing for rainfall types I, IA, II, and III
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Worksheet 6a: Detention basin storage, peak outflow discharge (qo) known

Project By Date

Location Checked Date

Check one:           Present           Developed

1. Data:
Drainage area ..............  Am = _________  mi2
Rainfall distribution
type ( I, IA, II, III) =  __________

1st
Stage

2nd
Stage

2. Frequency .................. yr

3. Peak inflow
discharge  q

i
 ............ ft3/s

(from worksheet 4 or 5b)

4. Peak outflow
discharge q

u
 .......... ft3/s

qo

qi
5.  Compute ___ ................

Vs
Vr

6.  ___  ..............................

( Use ___  with figure 6-1)q
o

q
i

7.  Runoff, Q .................  in
( From worksheet 2)

8. Runoff volume
Vr................... ac ft

(Vr = QAm 53.33)

9. Storage volume,
Vs .........................  ac-ft

(Vs = Vr ( ___ ))Vs
Vr

10. Maximum storage Emax
(from plot)

Detention basin storage ( acre feet )

1

2nd stage q
o

includes 1st stage q
o
.1

E
le

va
tio

n 
or

   
  s

ta
ge



Attachment A4.10: Flow Diffuser Construction in High Groundwater Table 
The Standard Sump Depth as defined per the Flow Diffuser detail (3.5 feet) will need to 
be adjusted by the contractor in the field in the event that High Groundwater Table 
(HGWT) conditions are encountered. In these circumstances the contractor shall 
determine the Effective Sump Depth based on the HGWT influence, and then will 
increase the sizing of the flow diffuser to be installed by multiplying the Flow Diffuser 
Length Per Plan by the appropriate Flow Diffuser Length Multiplier in accordance with 
the table below.  

Table A4.10: Flow Diffuser Length Multipliers in Areas of HGWT 
Effective Sump Depth (FT) 3.5 3.0 2.5 2.0 1.5 1.0 0.5 

Storage Volume per Linear Foot based on 
Influence of HGWT (CF) 9.38 8.48 7.58 6.68 5.78 4.88 4.80

Flow Diffuser Length Multiplier to 
Accommodate HGWT 1.00 1.11 1.25 1.42 1.64 1.95 1.98

These Length Multipliers were developed by estimating the effective volumes on a per 
linear foot basis and correlating the volume associated with the reduced sump depths to 
that of the typical Flow Diffuser detail. All volumes were conservatively estimated 
based on the flow diffuser cross section with the less steep entry slope. The table shows 
the reduced volumes however, with the increase in length the overall required storage 
volume will be provided. The figure below depicts the effective storage area, both void 
space and open storage, for the respective relative elevations depicted. For purposes of 
this analysis, a porosity of 0.4 was utilized for all void space estimations and volumes 
depicted in the table above are shown capped at a maximum relative elevation of 0.6667 
feet, which corresponds to the crest of the flow diffuser weir. 

Figure A4.10: Flow Diffuser Volumetric Estimation

 



 
Attachment 5 – Standards and Specifications for Flow Diffusers 

 
A5.1: H.R.C Research Series Report No. 10 – Analysis of Flow Through Porous Media as Applied to 
Gabion Dams Regarding the Storage and Release of Storm Water Runoff, NAHB/NRC Designated 
Housing Research Center at Penn State, August 1992 
 
A5.2: Maine Level Spreader – Section 8.3, Maine Stormwater Best Management Practices Manual, 
September 2010 

  



A5.1: H.R.C Research Series Report No. 10 – Analysis of Flow Through Porous Media as Applied to
Gabion Dams Regarding the Storage and Release of Storm Water Runoff, NAHB/NRC Designated
Housing Research Center at Penn State, August 1992

































Attachment 6 – Procedure: Calculating Average Basin Slope 



Procedure: Calculating Average Basin Slope 

Necessary data: Slope raster (or DEM if slope raster is not available), drainage area polygons.  

If slope raster is not available, begin from step 1.  If slope raster is available, Skip to step 4. 

1. Generate slope raster:  Add DEM to Map document
2. Select  Slope (spatial analyst) tool from Arc Toolbox:

3. Enter the following parameter into the Slope dialog box below
a. DEM into “Input raster”
b. select the location for your output slope raster
c. “Output measurement” = Percent rise
d. Method =  PLANAR,
e. Z factor =1



4. Add average slope raster dataset to Map document (the average slope raster will automatically 
add to map if previously completed steps (1-3) 

5. Add finalized drainage areas to map document (make sure they all have unique IDs) 
6. ***Note Zonal statistics as Table will return the mean slope for the largest extent of  

overlapping polygons. In order to run on smaller sub drainage areas, select or query drainage 
polygons to just those smaller DA. 

7. Open processing tool Zonal Statistics as Table: 

 
8. Enter the following parameters into the Zonal statistics as Table dialog box below:  

a.  “The Input raster or feature zone data” = Drainage Areas;   
b. Zone field” = DA_ID (all DA_IDs must be unique for calculation to work properly) 
c.  Enter Slope Raster into “Input raster”; select the location for your output table.   
d. Statistic type = MEAN 



 
9.  If needed, repeat #6-8 for any areas with overlapping drainage for the smaller drainage areas. 
10. Export/Copy the table(s) to excel spread sheet and save for engineering.  They will need a 

drainage ID and mean slope for each drainage area. 

If overlapping drainage areas are problematic, a tool for zonal statistics for overlapping polygons should 
be utilized, which may be found at: 

https://www.arcgis.com/home/item.html?id=b859b33c616a47d2b99b5e133942db02 
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WATER BAR END TREATMENT SIZING (WBET)
AND DETAILS 

/ /2018

Background

This narrative is a companion narrative to the approved white paper developed by the Atlantic Coast 
Pipeline (ACP) Project Team entitled “Virginia ACP Stormwater Quantity Compliance Methodology”,
dated February 16, 2018 (ACP Methodology). The ACP Methodology provides detailed site-specific end 
treatment computations and analyses that demonstrate how sheetflow below the proposed water bars can 
be achieved for each of the approximate 6,500 permanent water bars. While use of the site-specific 
methodology was approved by DEQ, the site-specific design requires that every design be reviewed in 
detail. As a result, a companion approach was requested for use in small watersheds with low runoff rates 
that would provide for end treatments that would streamline DEQ review for compliance and still ensure 
sheetflow is produced. 

The proposed Water Bar End Treatment (WBET) methodology described in this narrative provides one 
conservatively sized end treatment length based primarily on the contributing drainage area. This 
approach incudes a set of conditions to be examined to determine whether the specified end treatment 
length will be sufficient, or if a site-specific analysis will be required. It was tested in three separate 
spreads (4, 6, and 11) that were deemed by DEQ and the Project Team to be representative of the terrain 
the pipeline will traverse, including sections in the Valley and Ridge/Blue Ridge, Piedmont, and Coastal 
Plain physiographic provinces.  

Site specific analyses were developed for each province. Appendix A contains a listing of the map 
numbers from the project drainage plans depicting the location of each of the water bars assessed in this 
analysis. Based on the assessment of the water bars in each of the noted areas, site-specific end treatments 
will still be required in certain situations, primarily in the Coastal Plain. The following narrative describes 
the methodology for assessing the adequacy of the WBET methodology as well as a methodology 
description for site-specific end treatments.   

Water Quantity: Concentrated Flow 

Pre-construction non-agricultural and forested areas resulting in concentrated flow will satisfy Virginia 
Water Quantity channel and flood protection requirements (9VAC25-870-66.B.3.a and 9VAC25-870-
66.C.2.b, respectively).  Both channel and flood protection requirements compare runoff volumes and
peak flows from pre- to post-construction condition. These values are based on curve numbers associated 
with land use. The ACP project will always result in lower post-development curve numbers in pre-
construction non-agricultural areas with no impervious cover.  

Channel protection requirements can be satisfied using the Energy Balance Method per 9VAC25-870-
66.B.3.a. The Energy Balance Method is intended for post-development runoff to mimic forested
conditions, and states the following:

[…] Under no condition shall QDeveloped be required to be less than that calculated in the equation 
(QForest * RVForest)/RVDeveloped; where: 

QDeveloped = The allowable peak flow rate of runoff from the developed site. 
RVDeveloped =  The volume of runoff from the site in the developed condition. 
QForest =  The peak flow rate of runoff from the site in a forested condition. 
RVForest = The volume of runoff from the site in a forested condition; 
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Flood protection requirements can be satisfied using 9VAC25-870-66.C.2.b.  

The ACP project is assuming a worst-case scenario in which localized flooding currently occurs during 
the 10-year 24-hour storm event. Therefore, the post-development peak flow rate for the 10-year 24-hour 
storm event must be “less than the predevelopment peak flow rate”. 

Because the post-construction ROW always results in a CN less than or equal to that of woods, and time 
of concentration will never decrease due to possible retention behind the water bar end treatments, peak 
flows will never exceed those of forested conditions. Therefore, the Energy Balance Method requirements 
are automatically satisfied, and channel protection requirements are met. Additionally, based on CN 
reduction from pre- to post-construction conditions, 10-year 24-hour storm volumes will also always be 
reduced, thereby satisfying flood protection requirements. 

Methodology 

Required end treatment sizes were computed for each water bar in the test areas (n = 529) to assess and 
develop the protocols for when site-specific analyses would be required. The specific representative water 
bars were selected by DEQ and AECOM and provided for analysis. The methodology is described below. 

Flow Rate Computation 

To calculate the required length of the end treatments, the flow rate to each water bar resulting from the 
10-yr storm was necessary. This flow rate information has been computed for each water bar using the 
ACP Methodology.

Weir Flow Computation 

To compute the required length of the water bar end treatment, the weir equation was solved for length 
using the flow rates developed by the ACP Methodology. This process was performed using a spreadsheet 
for each of the 529 water bars in the test areas by modeling the level sections as a broad crested 
(rectangular) weir: 

Where:
Q = 10-yr flow rate, cfs 

 Cw = Rectangular Weir Coefficient, 3.33 

 L = Weir Length, ft 

 H = Head Over Weir, ft: 

This term is set to be 0.1 ft to ensure flow downslope of the end treatment is in the form 
of sheet flow. 

    
Velocity Computation 
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To assess the velocity of the sheet flow downslope of the end treatment, Manning’s equation was used: 

Where:

V = Overland Velocity, ft/s 

 n = Manning’s Coefficient: 

This parameter was assumed to be 0.24 for sheet flow in “dense grasses” (TR-55,  
Table 3-1. Areas below the end treatments will be seeded with native grasses and woody 
species as per the Restoration and Rehabilitation Plan (Rev 6, prepared in October 2017), 
so the “dense grasses” n value was deemed to be the most appropriate vs the “short 
prairie grass” (n = 0.15) or “Bermuda grass” (n = 0.41) alternatives). 

 R = Hydraulic Radius, ft: 

This term is defined as the cross-sectional flow area divided by the wetted perimeter. 
However, for shallow, wide flow this can be assumed to be equal to the flow depth. In 
this case this is set to the specified flow depth of 0.10 ft, per the following example (for 
an assumed 10 ft end treatment): 

 R = A / WP 
 = (0.1 ft * 10 ft) / (0.1 ft + 10 ft + 0.1 ft) 
 = 1.0 ft2 / 10.2 ft 
 = 0.098 ft     

Use depth = 0.10 ft    

 S = Overland Slope, ft/ft: 
   

This parameter was developed by and obtained from the approved ACP Methodology.
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Waterbar
Drainage
Area (ac) Q 10 (cfs) CN T c (min)

Slope
(ft/ft)

End Treatment
Length (ft)

Velocity
(fps)

P 128.046 0.60 2.36 80 5 0.02 22 0.19
P 123.043 0.74 2.10 73 5 0.11 20 0.44
P 125.070 2.40 1.78 53 5 0.28 17 0.71
P 123.045 0.62 1.76 73 5 0.15 17 0.52
P 123.041 0.50 1.55 75 5 0.03 15 0.23
P 132.069 0.59 1.39 68 5 0.62 13 1.05
P 131.020 0.42 1.30 74 5 0.34 12 0.78
P 131.022 0.55 1.29 68 5 0.33 12 0.77
P 131.018 0.36 1.16 75 5 0.29 11 0.72
P 129.012 1.41 1.15 53 5 0.15 11 0.52
P 132.059 0.47 1.11 68 5 0.1 11 0.42
P 129.002 0.29 1.06 78 5 0.11 10 0.44
P 126.044 0.46 0.98 67 5 0.23 9 0.64
P 129.023 1.58 0.96 51 5 0.1 9 0.42
P 126.055 0.42 0.85 66 5 0.27 8 0.69
P 131.008 0.27 0.80 73 5 0.37 8 0.81
P 126.008 1.01 0.75 53 5 0.42 7 0.87
P 131.004 0.23 0.65 72 5 0.26 6 0.68
P 134.014 0.21 0.62 73 5 0.31 6 0.74
P 133.041 0.20 0.62 74 5 0.15 6 0.52
P 132.057 0.28 0.60 66 5 0.13 6 0.48
P 128.041 0.22 0.57 70 5 0.07 5 0.35
P 123.069 0.19 0.54 73 5 0.19 5 0.58
P 126.057 0.24 0.51 67 5 0.36 5 0.80
P 134.027 0.17 0.50 73 5 0.13 5 0.48

Results

The above methodology was employed to determine the required end treatment length for each of the 529 
water bars in the test areas. A summary of the analysis for each spread (top 25 sorted by end treatment 
length) is provided in Tables 1-3, below (full results for each spread in the test areas are presented in 
Appendix B).  

Table 1 – Selections from Spread 4 (Valley and Ridge/Blue Ridge) 
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Table 2 – Selections from Spread 6 (Piedmont) 

Table 3 – Selections from Spread 11 (Coastal Plain) 

Waterbar
Drainage
Area (ac) Q 10 (cfs) CN T c (min)

Slope
(ft/ft)

End Treatment
Length (ft)

Velocity
(fps)

P 229.032 0.86 3.05 69 5 0.19 29 0.58
P 229.024 0.77 2.63 68 5 0.14 25 0.50
P 231.015 0.93 2.18 60 5 0.34 21 0.78
P 229.009 0.65 2.12 67 5 0.12 20 0.46
P 280.027 0.48 1.66 71 5 0.12 16 0.46
P 229.021 0.46 1.58 68 5 0.04 15 0.27
P 228.020 1.11 1.55 53 6 0.31 15 0.74
P 229.010 0.46 1.45 66 5 0.07 14 0.35
P 229.018 0.42 1.30 66 5 0.15 12 0.52
P 280.033 0.46 1.28 66 5 0.09 12 0.40
P 229.015 0.41 1.28 66 5 0.07 12 0.35
P 281.008 0.54 1.15 61 5 0.02 11 0.19
P 229.012 0.34 1.11 67 5 0.15 11 0.52
P 230.032 0.29 0.98 68 5 0.05 9 0.30
P 228.032 0.43 0.97 59 5 0.18 9 0.57
P 228.014 0.63 0.96 53 5 0.18 9 0.57
P 230.021 0.48 0.95 57 5 0.26 9 0.68
P 280.053 0.53 0.92 57 5 0.07 9 0.35
P 228.004 0.19 0.91 77 5 0.03 9 0.23
P 281.039 0.22 0.90 75 5 0.07 9 0.35
P 228.035 0.34 0.80 60 5 0.45 8 0.90
P 228.047 0.26 0.77 65 5 0.24 7 0.66
P 230.033 0.25 0.77 66 5 0.31 7 0.74
P 231.002 0.25 0.77 66 5 0.31 7 0.74
P 228.005 0.17 0.68 72 5 0.03 6 0.23

Waterbar
Drainage
Area (ac) Q 10 (cfs) CN T c (min)

Slope
(ft/ft)

End Treatment
Length (ft)

Velocity
(fps)

P 050.033 2.37 9.87 89 18 0.01 94 0.14
P 052.003 1.66 9.16 80 6 0.01 87 0.15
P 083.026 0.73 5.94 94 5 0.12 56 0.46
P 052.006 1.11 5.57 76 5 0.03 53 0.22
P 083.012 0.88 5.33 86 7 0.12 51 0.46
P 079.002 3.93 5.26 61 30 0.03 50 0.24
P 079.036 1.15 4.76 81 15 0.01 45 0.13
P 083.027 0.52 4.21 94 5 0.16 40 0.54
P 083.001 0.47 4.01 96 5 0.01 38 0.13
P 083.024 0.57 4.00 88 5 0.10 38 0.42
P 052.005 0.69 3.71 78 5 0.03 35 0.23
P 079.032 0.69 3.47 78 7 0.06 33 0.32
P 079.024 1.36 2.31 58 13 0.03 22 0.22
P 083.023 0.29 2.00 87 5 0.08 19 0.38
P 080.002 0.33 1.99 81 5 0.01 19 0.13
P 077.001 0.39 1.95 77 6 0.01 18 0.13
P 080.001 0.32 1.91 81 5 0.01 18 0.15
P 082.041 0.31 1.90 82 5 0.01 18 0.12
P 079.010 1.50 1.85 48 5 0.03 18 0.22
P 081.001 0.18 1.61 97 5 0.01 15 0.13
P 079.027 1.53 1.51 46 5 0.01 14 0.16
P 079.026 0.70 1.41 61 13 0.18 13 0.57
P 079.001 0.28 1.34 75 6 0.02 13 0.19
P 079.025 0.23 1.31 80 5 0.04 12 0.27
P 035.038 0.25 1.23 77 5 0.01 12 0.13
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From the analysis of the 529 water bars in the test areas, the proposed 20-ft end treatment will provide a 
conservative length that will ensure sheetflow is achieved for a vast majority of the assessed water bars: 

Spread 4: 357 out of 359 (99%) 
Spread 6: 82 out of 86 (95%) 
Spread 11: 73 out of 86 (85%) 

Overland Velocities 

Overland velocities below the end treatments will remain well below erosive levels, which was assumed 
to be equal to 2.25 fps for a sandy loam, earthen lining under critical conditions (VESCH, Table 5-22 – 
lowest velocity). Note that the downslope areas will be vegetated and thus will be able to withstand an 
even higher velocity. To reiterate, even assuming an earthen lining, expected velocities are well below 
erosive levels. See Appendix B for a complete listing of the computed velocities for each of the test areas 

Protocol for Site Specific Analyses 

Based on the analysis of each test area (Appendix B and excerpts in Tables 1-3), the proposed end 
treatment length of 20 feet will not be sufficient in every case. This is particularly true in the coastal plain 
where the slope is very flat. Because the pipeline runs through several physiographic provinces with 
vastly different terrain, developing a separate protocol for determining when site specific analyses 
appeared necessary.  

From inspection of the water bar analyses, the following protocols for when site specific analyses will be 
required for sections of the pipeline traveling through each physiographic province is provided below: 

Spread 4 (Valley and Ridge/Blue Ridge) 

 D.A. > 0.5 ac and CN > 73 

Spread 6 (Piedmont) 

 D.A. > 0.5 ac  

Spread 11 (Coastal Plain) 

 D.A. > 0.4 ac  

Applying these protocols for each of the test areas captures the end treatment lengths that exceed 20 feet. 
Tables 4-6 (sorted by drainage area) depict these results (highlighted rows require site specific analyses.  

For all other conditions, the standard water bar end treatment length of 20 feet can be employed, 
constructed in the manner depicted in Exhibit C. However, when the pipeline ROW is following a 
ridgeline – thus producing runoff to both sides – the end treatment length will be adjusted to 10 feet on 
both sides of the ROW. 

The values shown in Table 4 are based on parameters from the project that were valid at time of analysis 
and should be considered as a representation of the project based on that period or snapshot in time. 
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Waterbar
Drainage
Area (ac) Q 10 (cfs) CN T c (min)

Slope
(ft/ft)

End Treatment
Length (ft)

Velocity
(fps)

P 125.070 2.40 1.78 53 5 0.28 17 0.71
P 127.090 1.86 0.17 40 5 0.38 2 0.82
P 129.023 1.58 0.96 51 5 0.1 9 0.42
P 130.003 1.55 0.17 41 7 0.45 2 0.90
P 129.074 1.50 0.28 44 6 0.21 3 0.61
P 129.012 1.41 1.15 53 5 0.15 11 0.52
P 130.040 1.39 0.28 44 5 0.44 3 0.89
P 127.092 1.22 0.11 40 5 0.24 1 0.66
P 130.053 1.08 0.16 43 7 0.08 2 0.38
P 127.098 1.07 0.10 40 5 0.26 1 0.68
P 126.008 1.01 0.75 53 5 0.42 7 0.87
P 129.056 1.01 0.10 40 5 0.29 1 0.72
P 127.088 0.98 0.09 40 5 0.29 1 0.72
P 127.067 0.93 0.08 40 5 0.19 1 0.58
P 130.042 0.83 0.09 40 5 0.28 1 0.71
P 127.094 0.77 0.07 40 5 0.34 1 0.78
P 130.009 0.74 0.26 48 5 0.27 2 0.69
P 123.043 0.74 2.10 73 5 0.11 20 0.44
P 127.119 0.74 0.07 40 5 0.31 1 0.74
P 130.048 0.71 0.07 40 5 0.19 1 0.58
P 131.002 0.71 0.07 40 6 0.14 1 0.50
P 130.038 0.68 0.09 41 5 0.31 1 0.74
P 130.030 0.65 0.23 48 5 0.36 2 0.80
P 129.076 0.65 0.07 40 5 0.25 1 0.67
P 123.045 0.62 1.76 73 5 0.15 17 0.52
P 128.046 0.60 2.36 80 5 0.02 22 0.19
P 132.069 0.59 1.39 68 5 0.62 13 1.05
P 127.078 0.58 0.05 40 5 0.13 0 0.48
P 131.022 0.55 1.29 68 5 0.33 12 0.77
P 127.069 0.55 0.05 40 5 0.25 0 0.67
P 130.044 0.55 0.06 40 5 0.27 1 0.69
P 126.047 0.53 0.44 54 5 0.28 4 0.71
P 130.050 0.52 0.05 40 5 0.17 1 0.55
P 129.060 0.51 0.05 40 5 0.35 1 0.79
P 123.041 0.50 1.55 75 5 0.03 15 0.23
P 130.013 0.49 0.45 54 5 0.18 4 0.57
P 132.059 0.47 1.11 68 5 0.1 11 0.42

Table 4 – Spread 4 (Valley and Ridge/Blue Ridge) Site Specific Analyses (shaded) 
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Table 5– Spread 6 (Piedmont) Site Specific Analyses (shaded) 

Table 6– Spread 11 (Coastal Plain) Site Specific Analyses (shaded) 

Waterbar
Drainage
Area (ac) Q 10 (cfs) CN T c (min)

Slope
(ft/ft)

End Treatment
Length (ft)

Velocity
(fps)

P 228.020 1.11 1.55 53 6 0.31 15 0.74
P 231.015 0.93 2.18 60 5 0.34 21 0.78
P 229.032 0.86 3.05 69 5 0.19 29 0.58
P 229.024 0.77 2.63 68 5 0.14 25 0.50
P 229.009 0.65 2.12 67 5 0.12 20 0.46
P 228.014 0.63 0.96 53 5 0.18 9 0.57
P 281.008 0.54 1.15 61 5 0.02 11 0.19
P 280.053 0.53 0.92 57 5 0.07 9 0.35
P 280.027 0.48 1.66 71 5 0.12 16 0.46
P 230.021 0.48 0.95 57 5 0.26 9 0.68
P 229.021 0.46 1.58 68 5 0.04 15 0.27
P 229.010 0.46 1.45 66 5 0.07 14 0.35
P 280.033 0.46 1.28 66 5 0.09 12 0.40
P 228.032 0.43 0.97 59 5 0.18 9 0.57
P 229.018 0.42 1.30 66 5 0.15 12 0.52
P 229.015 0.41 1.28 66 5 0.07 12 0.35
P 229.012 0.34 1.11 67 5 0.15 11 0.52
P 228.035 0.34 0.80 60 5 0.45 8 0.90
P 230.012 0.34 0.32 48 5 0.12 3 0.46
P 230.022 0.31 0.52 54 5 0.18 5 0.57
P 230.011 0.30 0.29 48 5 0.15 3 0.52
P 230.032 0.29 0.98 68 5 0.05 9 0.30
P 281.017 0.27 0.25 50 5 0.08 2 0.38
P 228.047 0.26 0.77 65 5 0.24 7 0.66
P 230.018 0.26 0.52 57 5 0.19 5 0.58

Waterbar
Drainage
Area (ac) Q 10 (cfs) CN T c (min)

Slope
(ft/ft)

End Treatment
Length (ft)

Velocity
(fps)

P 079.002 3.93 5.26 61 30 0.03 50 0.24
P 050.033 2.37 9.87 89 18 0.01 94 0.14
P 051.003 2.17 0.84 87 16 0.02 8 0.16

P 079.017A 2.16 0.77 40 5 0.03 7 0.25
P 052.003 1.66 9.16 80 6 0.01 87 0.15
P 079.027 1.53 1.51 46 5 0.01 14 0.16
P 079.010 1.50 1.85 48 5 0.03 18 0.22
P 079.024 1.36 2.31 58 13 0.03 22 0.22
P 079.011 1.17 0.42 40 5 0.01 4 0.11
P 079.036 1.15 4.76 81 15 0.01 45 0.13
P 052.006 1.11 5.57 76 5 0.03 53 0.22
P 079.003 1.05 0.83 52 27 0.02 8 0.17
P 083.012 0.88 5.33 86 7 0.12 51 0.46
P 051.032 0.78 0.02 77 14 0.03 0.2 0.24
P 083.026 0.73 5.94 94 5 0.12 56 0.46
P 079.026 0.70 1.41 61 13 0.18 13 0.57
P 052.005 0.69 3.71 78 5 0.03 35 0.23
P 079.032 0.69 3.47 78 7 0.06 33 0.32
P 083.024 0.57 4.00 88 5 0.10 38 0.42
P 083.027 0.52 4.21 94 5 0.16 40 0.54
P 079.016 0.48 0.17 40 5 0.01 2 0.13
P 083.001 0.47 4.01 96 5 0.01 38 0.13
P 052.008 0.40 0.95 58 5 0.02 9 0.20
P 077.001 0.39 1.95 77 6 0.01 18 0.13
P 035.023 0.35 0.29 49 11 0.01 3 0.15
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From Tables 4-6, it is evident that the protocols in some instances require site-specific analyses for end 
treatment lengths that are less than 20 feet.  

Design Basis 

As described in this analysis, this proposed methodologies provide for end treatment lengths that are 
extremely conservative. A summary of how this is achieved is provided below:  

1) In these test areas, 90% of the end treatment lengths are < 10 ft in length, yet the specified 
end treatment length is 20 ft. This is in addition to the conservative nature of the hydrologic 
calculations employed in the approved ACP Methodology.  

2) The methodology will only be applied for the specified set of circumstances (for each 
physiographic province) detailed in this narrative. For water bars that require site specific 
analyses, non-erosive velocities will be achieved in one of two primary ways. Either 
additional water bars will be added to reduce the contributing drainage area (thereby reducing 
the flow rate and required end treatment length), or detailed, site-specific designs may be 
used.

3) The sheetflow velocities below the end treatments were assessed in this test watershed (10-yr 
storm) and compared to allowable velocities for bare earth – also a conservative approach. 
Even with this assumption, velocities will remain well below erosive levels (Appendix B).  

4) The results provided by the proposed design methodology appear conservative, and the 
process provides the requested implementation of a repeatable design process that may 
facilitate review and remains consistent with VA stormwater protection requirements for 
protecting the environment. 

Adaptive Management 

As outlined in the Annual Standards & Specifications, inspections will be performed by DEQ-certified 
ACP inspectors to ensure any areas of erosion or concentrated outfall flows are quickly identified and 
promptly corrected. If field conditions warrant, the field inspectors can identify incorrect water bar end 
treatment for the engineer to redesign and submit to VADEQ for approval for modifications.  

Index to Appendices 

Appendix A – List of Drainage Figures for Assessed Water Bars 
Appendix B – Complete Analyses of All Assessed Water Bars 
Appendix C – End Treatment Details 



Appendix A 

Spread Drainage Map # 

4 

1 of 20 
2 of 20 
3 of 20 
4 of 20 
9 of 20 

10 of 20 
11of 20 
12 of 20 
13 of 20 
14 of 20 
15 of 20 

6 
2 of 45 
3 of 45 

43 of 45 

11 

18 of 66 
33 of 66 
56 of 66 
57 of 66 
58 of 66 
60 of 66 
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Waterbar
Drainage 
Area (ac) Q 10 (cfs) CN T c  (min)

Slope 
(ft/ft)

End Treatment 
Length (ft)

Velocity 
(fps)

P 050.033 2.37 9.87 89 18 0.01 94 0.14
P 052.003 1.66 9.16 80 6 0.01 87 0.15
P 083.026 0.73 5.94 94 5 0.12 56 0.46
P 052.006 1.11 5.57 76 5 0.03 53 0.22
P 083.012 0.88 5.33 86 7 0.12 51 0.46
P 079.002 3.93 5.26 61 30 0.03 50 0.24
P 079.036 1.15 4.76 81 15 0.01 45 0.13
P 083.027 0.52 4.21 94 5 0.16 40 0.54
P 083.001 0.47 4.01 96 5 0.01 38 0.13
P 083.024 0.57 4.00 88 5 0.10 38 0.42
P 052.005 0.69 3.71 78 5 0.03 35 0.23
P 079.032 0.69 3.47 78 7 0.06 33 0.32
P 079.024 1.36 2.31 58 13 0.03 22 0.22
P 083.023 0.29 2.00 87 5 0.08 19 0.38
P 080.002 0.33 1.99 81 5 0.01 19 0.13
P 077.001 0.39 1.95 77 6 0.01 18 0.13
P 080.001 0.32 1.91 81 5 0.01 18 0.15
P 082.041 0.31 1.90 82 5 0.01 18 0.12
P 079.010 1.50 1.85 48 5 0.03 18 0.22
P 081.001 0.18 1.61 97 5 0.01 15 0.13
P 079.027 1.53 1.51 46 5 0.01 14 0.16
P 079.026 0.70 1.41 61 13 0.18 13 0.57
P 079.001 0.28 1.34 75 6 0.02 13 0.19
P 079.025 0.23 1.31 80 5 0.04 12 0.27
P 035.038 0.25 1.23 77 5 0.01 12 0.13
P 080.003 0.25 1.13 73 6 0.037 11 0.26
P 077.005 0.18 0.96 77 5 0.010 9 0.13
P 035.035 0.23 0.96 75 7 0.005 9 0.09
P 052.008 0.40 0.95 58 5 0.02 9 0.20
P 077.006 0.18 0.94 77 5 0.010 9 0.13
P 036.014 0.29 0.84 64 6 0.016 8 0.17
P 051.003 2.17 0.84 87 16 0.02 8 0.16
P 083.011 0.14 0.84 81 5 0.010 8 0.13
P 080.009 0.14 0.84 80 5 0.010 8 0.13
P 078.013 0.16 0.83 77 5 0.010 8 0.13
P 051.004 0.14 0.83 85 7 0.041 8 0.27
P 079.003 1.05 0.83 52 27 0.02 8 0.17
P 080.008 0.18 0.83 73 5 0.010 8 0.13

P 079.017A 2.16 0.77 40 5 0.03 7 0.25
P 080.012 0.13 0.76 79 5 0.010 7 0.13
P 083.004 0.13 0.72 80 5 0.010 7 0.13
P 083.002 0.11 0.61 80 5 0.043 6 0.28
P 035.036 0.12 0.60 76 5 0.005 6 0.09
P 083.009 0.10 0.55 80 5 0.010 5 0.13
P 035.018 0.12 0.55 75 5 0.005 5 0.09
P 083.010 0.10 0.53 79 5 0.231 5 0.64
P 035.008 0.22 0.52 59 5 0.036 5 0.25
P 080.018 0.09 0.51 79 5 0.010 5 0.13
P 077.002 0.09 0.49 77 5 0.033 5 0.24
P 080.016 0.08 0.48 80 5 0.010 5 0.13
P 077.003 0.07 0.48 85 5 0.198 5 0.60
P 079.035 0.08 0.46 80 5 0.040 4 0.27
P 035.032 0.09 0.45 77 5 0.005 4 0.09

Spread 11 - Coastal Plain



Waterbar
Drainage 
Area (ac) Q 10 (cfs) CN T c  (min)

Slope 
(ft/ft)

End Treatment 
Length (ft)

Velocity 
(fps)

Spread 11 - Coastal Plain

P 079.011 1.17 0.42 40 5 0.01 4 0.11
P 035.031 0.09 0.42 73 5 0.024 4 0.21
P 080.013 0.07 0.40 78 5 0.010 4 0.13
P 051.006 0.13 0.36 85 5 0.005 3 0.09
P 082.042 0.06 0.33 77 5 0.025 3 0.21
P 051.007 0.06 0.31 85 5 0.04 3 0.27
P 035.023 0.35 0.29 49 11 0.01 3 0.15
P 080.015 0.05 0.29 80 5 0.010 3 0.13
P 079.031 0.13 0.28 56 5 0.020 3 0.19
P 035.037 0.05 0.26 77 5 0.005 2 0.09
P 036.007 0.06 0.22 69 5 0.022 2 0.20
P 035.030 0.05 0.21 73 5 0.005 2 0.09
P 036.006 0.08 0.20 61 5 0.022 2 0.20
P 079.016 0.48 0.17 40 5 0.01 2 0.13
P 052.002 0.03 0.17 85 5 0.026 2 0.22
P 077.004 0.02 0.16 88 5 0.141 1 0.50
P 083.003 0.03 0.13 73 5 0.010 1 0.13
P 036.001 0.12 0.13 48 5 0.039 1 0.26
P 035.020 0.11 0.12 48 5 0.085 1 0.39
P 036.009 0.20 0.06 40 5 0.033 1 0.24
P 035.019 0.05 0.06 50 7 0.005 1 0.09
P 079.017 0.15 0.05 40 5 0.034 0 0.25
P 035.027 0.04 0.05 48 5 0.055 0 0.31
P 035.021 0.01 0.04 67 5 0.005 0 0.09
P 035.029 0.03 0.04 48 5 0.067 0 0.35
P 035.022 0.01 0.03 67 5 0.005 0 0.09
P 051.013 0.11 0.03 63 7 0.013 0 0.15
P 051.014 0.03 0.03 47 5 0.01 0 0.13
P 036.008 0.03 0.03 47 5 0.022 0 0.20
P 079.029 0.07 0.03 40 5 0.066 0 0.34
P 035.028 0.02 0.02 48 5 0.005 0 0.09
P 051.032 0.78 0.02 77 14 0.03 0.2 0.24
P 051.033 0.05 0.02 40 5 0.033 0 0.24
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12 September 2018

The ACP Water quality compliance is complies with applicable DEQ requirements
and was completed based on best professional engineering judgement.
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1.0 INTRODUCTION

The Virginia Atlantic Coast Pipeline (ACP) Stormwater Quantity Compliance Methodology (the
White Paper), approved by Virginia Department of Environmental Quality (DEQ) on 16 February
2018 describes the stormwater management compliance strategy specifically for quantity
control for the ACP project. This White Paper also serves as documentation and explanatory
information for the DEQ Water Program's Office of Stormwater Management to demonstrate
the compliance approach for the Virginia Stormwater Management Program (VSMP) Part IIB
Technical Criteria, specifically with 9VAC25 870 66 for water quantity.

The purpose of the water quality section of this memorandum is to supplement the approved
White Paper methodology for the permanent pipeline right of way (ROW) and permanent
access road ROW to demonstrate compliance with Virginia’s water quality criteria set forth in
9VAC25 870 63 et seq., authorized by the Virginia Stormwater Management Act (VSMA).

In addition to these criteria, Section 3.4.4 of the 2017 Annual Standards and Specifications for
Erosion and Sediment Control and Stormwater Management for Construction and Maintenance
of Gas Transmission Facility projects in Virginia for the Dominion Energy Transmission, Inc.
(DETI) notes that:

“The Department of Environmental Quality, in some instances, exercises discretionary
authority on certain large projects to apply more stringent additional criteria than those
normally applied under these Standards and Specifications. The Atlantic Coast Pipeline
project is an example of one of these large projects…”

As described in Section 1 of the White Paper, the Virginia portion of the ACP consists of an
approximated 300 mile linear pipeline and eight (8) miles of associated permanent access roads
(Figure 1). The pipeline corridor consists of a proposed 50 foot wide permanent ROW, located
within a temporary 125 foot wide temporary ROW, as well as a 10 foot wide permanent
ground bed ROW connected to the pipe. Temporary pipeline ROWs and temporary access
roads associated with the ACP are discussed in the White Paper (5.0 COMPLIANCE
STRATEGIES); permanent access roads will consist of a 30 foot wide permanent ROW and are
discussed along with the permanent pipeline ROW in further detail in Section 3.1 below.

This water quality supplemental memorandum defines a stepwise process for evaluation,
calculation, and documentation of water quality compliance of permanent pipeline ROW and
permanent access roads projects with the Virginia Stormwater Management Program (VSMP),
the DETI standards, and additional ACP Special Conditions. Special Conditions for the ACP
project described Section 2.3 will be adhered to, in addition to the standard criteria outlined in
this document.
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2.0 COMPLIANCE FRAMEWORK

2.1 Virginia Stormwater Management Program

In Virginia, the DEQ is responsible for the administration, implementation and enforcement of
the VSMA and to delineate the procedures and requirements to be followed in connection with
state permits issued by the board pursuant to the Clean Water Act (CWA) and permits issued by
a VSMP authority (9VAC25 870 20). For Federal or State projects within Virginia, such as the
ACP, the DEQ serves as the VSMP authority for the General VPDES Permit for Discharges of
Stormwater from Construction Activities (Construction General Permit [GP]). The Federal
Energy Regulatory Commission (FERC) does not exert jurisdiction pertaining to water quality in
Virginia.

The term “construction activity” is defined in 9VAC25 870 10 as “…any clearing, grading or
excavation associated with large construction activity or associated with small construction
activity.” The Construction GP provides coverage for land disturbing activity (LDA) regulated
under the VSMA (§ 62.1 44.15:34) that is equal to or greater than one (1) acre (outside of a
Chesapeake Bay Preservation Area); or equal to or greater than 2,500 square feet within a
Chesapeake Bay Preservation Area. The GP Permit covers point source discharges of
stormwater from construction activities to surface waters of the Commonwealth, including
discharges through municipal or non municipal separate storm sewer systems.

The DEQ VSMP Part IIB states that the total phosphorous (TP) load shall not exceed 0.41 pound
per acre per year (lb/ac yr) for new development activities. The Land Cover Guidance for the
Virginia Runoff Reduction Method (VRRM) specifies that areas (including utility ROWs left in a
natural vegetated state) under certain operational conditions shall be considered
“forested/open space” for stormwater quality compliance.

2.2 DETI Standards and Specifications

The 2017 Annual Standards and Specifications for Erosion and Sediment Control and
Stormwater Management for Construction and Maintenance of Gas Transmission Facility
projects in Virginia for Dominion Energy Transmission, Inc. (DETI) Standards and Specifications,
approved 5 July 2017, addresses stormwater management and an ESC. It establishes general
specifications for the control of erosion and sedimentation and stormwater runoff
management as a result of LDAs performed during the construction, operation and
maintenance of natural gas pipelines that are not exempt from the Construction GP.

The 2017 DETI Annual Standards and Specifications apply to applicable natural gas transmission
facility projects pursuant to § 62.1 44.15:55 of the Code of Virginia. DETI projects not exempted
from ESC or stormwater management requirements shall comply with the requirements of the
local or state authority in the locality in which the project is located.
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If a SWM plan is required (e.g., due to significant changes to predevelopment runoff
characteristics or other requirements which require a Construction GP or post construction
SWM), DETI must develop and implement a SWM plan consistent with the applicable
requirements as defined in 9VAC25 870 and 9VAC25 880. The VRRM Spreadsheet is a tool for
regulated entities to use to document general water quality planning and consistency with the
technical requirements.

There are no significant changes to predevelopment land use in the pipeline ROW. Consistent

2017 DETI Standards and Specifications Construction General Permit and Stormwater Management
Plan Process:
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with the Annual Standards and Specifications for DETI, and long standing DEQ policy for utility
easements traversing existing agricultural land uses, these existing agricultural areas will not
receive permanent treatment to address post construction stormwater requirements if they
are restored to the pre construction agricultural land use. Specifically, the annual standards
state(Appendix B, Section 2.2.3), “For portions of pipeline easements which traverse prior
developed lands (e.g. under turf intensive uses such as ballfields, or under existing parking lots
or road segments), DETI does not expect to provide improvements to existing runoff conditions
if predevelopment conditions are restored. DEQ has clarified that it is not their expectation
that permanent best management practices be installed on restored right of way.” As such,
agricultural lands that are temporarily disturbed during construction and restored to their pre
construction land use are omitted from the VRRM workbooks.

While this document alone does not serve as a SWM plan, it lays out the methodology for
compliance with the VSMP requirements in addition to other stormwater deliverables
(including the White Paper and SWPPP).

2.3 Special Conditions

The special conditions for the ACP (which exceed the requirements of 9VAC25 870 65, DEQ
Memo 15 2003, and DETI Standards and Specifications) will be adhered to, in addition to the
minimum criteria outlined in this document.

Per the request received from DEQ by letter dated 16 May 2016 for the ACP Project, DETI has
agreed to incorporate more stringent, or “special,” conditions into the planning and
implementation phases of ESC and Stormwater Management for ACP, including the following
seven (7) items:

1. In addition to DETI’s internal review process, individual project specific plans will be
submitted to DEQ for review and approval.

2. Given the nature of critical infrastructure, the project specific ESC and Stormwater
Management plans and DEQ approval will be made available to DEQ as agreed upon in a
memorandum to be negotiated between DETI and DEQ.

3. Inspection reports conducted by DETI as well as complaint logs and complaint responses
will be submitted to DEQ.

4. DETI will provide payment to DEQ of reasonable costs incurred by DEQ to hire additional
technical expertise to assist in plan, review, and compliance activities for the ACP project.

Additional special conditions were incorporated based on communications with the Virginia
DEQ on 20 April 2018:

5. DEQ has requested that generally, each access road within a hydrologic unit code (HUC),
be one project except for considerations via soil segregation on the pipeline ROW.
Projects can also be redefined to include the ROW when the pipeline ROW has soil
segregation practices implemented. Over 150 linear miles of ACP permanent access
roads were changed to temporary access roads; therefore, DEQ agreed that redefining
access road projects could be considered on a case by case basis.
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6. DEQ stated that ACP is not to exclude impervious area returned to pre construction
impervious condition from the VRRM calculations.

7. DEQ stated that if ACP implements low impact road design for permanent access roads,
that a 3 foot permeable grass strip in the middle of the 2 track access road design may
be considered to be managed turf instead of impervious cover.

3.0 WATER QUALITY COMPLIANCE METHODOLOGY

Compliance with Virginia water quality regulations and additional special criteria required by
the DEQ specifically for ACP is evaluated by utilizing the VRRM Spreadsheets.

Consistent with Guidance Memo No. 16 2001 Updated Virginia Runoff Reduction Method
Compliance Spreadsheets Version 3.0 (GM 16 2001), the ACP compliance can be described in
three steps. First, environmental site design (ESD) was implemented to avoid and minimize land
disturbance. Second, ACP’s total phosphorous load per year reduction (TP load reduction) is
computed for unavoidable land disturbance through assessment of pre construction and post
construction land use using the VRRM (Version 3.0) compliance spreadsheets. Third, pollutant
removal best management practices (BMPs) and/or off site compliance through nutrient credit
purchase is applied through site specific assessments.

3.1 Environmental Site Design to Avoid and Minimize Land Disturbance
The goal of ESD is to minimize impervious cover and mass grading, and maximize retention of
forest cover, natural areas and undisturbed soils (especially those most conducive to landscape
scale infiltration). To the extent practicable, ESD is implemented on the ACP Construction Work
Areas, including all access roads, temporary pipe yards and contractor yards, and the
construction ROW will use previously disturbed areas for construction to minimize new
impacts. As part of the ACP ESD, over 150 miles of proposed permanent access roads were
modified to become temporary access roads. Only roads required to access facilities with
mandatory maintenance remained permanent (approximately eight miles). The temporary
pipeline ROW and temporary access road ROW will be restored to pre construction conditions
per the 2017 DETI Standards and Specifications and were therefore excluded from the VRRM
calculations.

3.1.2 Revegetation
The forestry and vegetative management practices employed by DETI within the permanent
pipeline ROW comply with the GM16 2001 definition for forest/open space:

Portions of residential lots undisturbed during construction
Portions of roadway ROWs that, following construction, will be used as filter strips, grass

channels, or stormwater treatment areas (must include soil restoration or placement of
engineered soil mix as per the design specifications)

Community open space areas and utility ROWs that will not be mowed routinely, but left
in a natural vegetated state, including areas that will be bush hogged no more than four (4)
times per year

Surface area of stormwater BMPs that are not wet ponds, have some type of vegetative
cover, and that do not replace an otherwise impervious surface. BMPs in this category
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include bioretention ponds, dry swales, grass channels, and extended detention ponds that
are not mowed routinely

Stormwater wetlands, soil amended areas that are vegetated, and infiltration practices
that have a vegetated cover

Other areas of existing forest and/or open space that will be protected during
construction and that will remain undisturbed (including wetlands)

Where the ROW consisted of forest/open space conditions prior to the construction
activity will remain in a forested or open space condition under post developed conditions

A seed source of select temporary and permanent scrub/shrub species1 will be included in the
permanent stabilization. As such, DETI shall ensure that the permanent seed mix be adjusted
within the permanent ROW to incorporate a minimum percentage of early successional
scrub/shrub species to establish a seed source for development consistent with the seeding
and planting plan for the adjacent restoration of the temporary ROW. The purpose of the
introduction of these scrub/shrub species seed mixtures is to accelerate the recolonization of
scrub/shrub species that are expected to occur naturally within the regions the pipeline ROW
traverses. Accordingly, a selection of woody vegetation seed mixtures is proposed for each of
the physiographic regions, mountain ranges, piedmont regions, and coastal plains crossed by
the pipeline ROW in Virginia.

3.1.2 Soil Segregation
For selected areas of the ROW, topsoil may be segregated in areas of the linear project
including pastureland, upland forested areas, residential areas, meadowlands, wetlands
without standing water or saturated soil, and areas requested by the landowner or directed by
the DEQ. All topsoil will be removed as a separate layer from the area to be disturbed and be
stockpiled when it is impractical to redistribute such materials promptly on regraded areas.
Nutrients and soil amendments will be applied at a specified rate to the initially redistributed
material when needed to help establish vegetative cover. Soil testing must be conducted prior
to the application of any fertilizer, soil amendment, or lime application. In the case of subsoil
segregation, the division may require that the B horizon, C horizon, or underlying strata be
removed and segregated, stockpiled, and redistributed as subsoil as is necessary to comply with
the revegetation requirements (4VAC25 130 817).

Soil segregation may be implemented on an as needed basis to satisfy ACP Special Condition 5.

3.2 Total Phosphorus Load Reduction Calculation

Consistent with ACP Special Condition 5, each access road segment and/or pipeline ROW
segment within one 12 digit HUC is considered an individual project, also known as a “site”
using the VRRM. The definition of “site” for purposes of water quality calculations will be
defined by the permanent ROW. The TP load reduction required for each project is determined
by evaluating the change from pre construction conditions to the proposed post construction
conditions. All projects regardless of size for ACP (even those under one acre) are subject to
compliance with TP load reductions. Appling TP load reduction requirements to all projects

1 Scrub/shrub: Scrub shrub habitats are characterized by low, multistemmed woody vegetation in young or
stunted stages of growth. Such habitats commonly result of mature woodlands being disturbed by wind, fire,
flooding or commercial activities such as timber harvesting, farming, or maintenance of the ROW (USDA NRCS).
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regardless of its size ensures compliance with 9VAC25 870 10, and is implemented across all
projects for the ACP for ease of regulatory conditional review.

3.2.1 Pre construction Condition Determination

The baseline land cover data is obtained from the Virginia Geographic Information Network
(VGIN) Land Cover Product in raster and vector data formats from the Virginia Land Cover Map
Service. The VGIN land use data was developed based on the Virginia Base Mapping Program
2011 2014 4 band orthophotography. The VGIN land use data were obtained in 2016 and the
spatial resolution of the data is 1 meter. Existing VGIN Land Use/Land Cover Type were based
on Appendix A from the 2016 VITA Land Use Methodology.

The VGIN land cover classes were converted to VRRM Pre Development Land Use/Cover
consistent with the Land Cover Guidance for VRRM Compliance Spreadsheets, Virginia Runoff
Reduction Method Compliance Spreadsheet User’s Guide & Documentation dated April 2016 to
provide improved land coverage data (Table 1). This evaluation utilized the categories of the
VGIN Land Cover Product in order to assign the VRRM land cover categories (Forest/Open
Space, Managed Turf, or Impervious Cover) to each land cover classification (see Table 1). For
permanent access roads, the VGIN land classifications are supplemented with georeferenced,
field based observations to assign the VRRM land cover categories (Table 2).

Table 1. VGIN land use land cover classification incorporated into VRRM Land Cover categories for pre
construction land use.

Existing VGIN Land Use/Land Cover Type VRRM Pre Development Land Use/Cover

Water N/A1

Turf Grass Managed Turf

Pasture, Cropland, or Harvested/Disturbed Managed Turf if within AR

Pasture2, Cropland2, or Harvested/Disturbed2 N/A if within pipeline ROW

Impervious (Local Datasets), Impervious (Extracted), Barren, Paved Impervious

Forest, Tree, Scrub shrub, NWI/Other Forest/Open Space
1VGIN LULC areas identified as Water were excluded from VRRM land cover types and calculations.
2Pre construction agricultural areas are returned to their original pre development condition consistent
with 9VAC25 870 300.

Table 2. Field observation incorporation into VRRM Land Cover categories for pre construction land use.

Field based, Georeferenced Observations VRRM Pre Development Land Cover

Gravel Impervious Cover

Greenfield Managed Turf

Paved Impervious Cover

Dirt (compacted) Impervious Cover

Two Track Impervious Cover

Other (Sand) Open Space
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Field based, Georeferenced Observations VRRM Pre Development Land Cover

Other (River Cobble) N/A (Water, Removed)

Other (Concrete) Impervious Cover

The Hydrologic Soil Group (HSG) classification is obtained from the Soil Survey Geographic
Database (SSURGO)3 which is publically available from the United States Department of
Agriculture (USDA) Natural Resources Conservation Service (NRCS). The HSG “D” is assigned in
cases where the HSG is listed as “A/D,” “B/D,” or “C/D”. GIS sourced data used for water
quantity and erosion and sediment control plansheets are the same as used for water quality.
There is an option on the electronic VRRM map sheets to adjust layers to be shown or hidden
for selective viewing.

3.2.2 Post Construction Conditions

The following proposed post construction conditions were used to evaluate TP load using the
VRRM (Version 3.0) compliance spreadsheets (Table 3):

A 50 foot wide maintained permanent ROW along the pipeline consisting of scrub shrub
land cover with the exception of managed turf and existing impervious cover. Land use that
makes up Managed Turf is excluded from stormwater compliance per FERC’s Upland Erosion
Control, Revegetation, and Maintenance Plan (May 2013) and pre construction impervious
cover is to be returned to pre construction conditions following construction consistent with
the 2017 DETI specifications.

Generally perpendicular to the 50 foot wide permanent ROW, a 10 foot wide permanent
ground bed ROW will be maintained as a ground bed for the installation and maintenance of
a buried, sacrificial anode that will be connected to the pipe. The permanent ground bed
ROW is treated the same as the ROW for post construction conditions and included in the
ROW VRRM (Version 3) Workbook.

For permanent access roads, a 30 foot wide permanent right of way ROW will be
maintained for permanent access roads, consisting of a 16 foot wide impervious surface
(asphalt and/or gravel) abutted by managed turf for the remaining 30 foot width.

In accordance with the approved 2017 DETI Standards and Specifications, access roads will be
categorized in one (1) of four (4) categories based on the extent of improvements required to
prepare the road for use in support of the project:

1. Existing road with no improvements proposed – includes those existing roads that are
in a condition such that no improvements are needed to prepare the road for use in
support of the project (e.g., asphalt and or/ gravel surfaced roads). These roads are not
included in the VRRM calculations.

2. Existing road with minor improvements proposed – includes those existing roads that
contain both a compacted earth or gravel surface and a current road configuration (e.g.,

3 Natural Resources Conservation Service, USDA. 2017 February. https://websoilsurvey.nrcs.usda.gov
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width, grade, etc.) adequate for use to support the project. Roads in this category may
receive supplemental gravel and/or asphalt to improve the surface condition; however,
the footprint of the road shall not be expanded (i.e., no additional impervious surface is
proposed). These roads are not included in the VRRM calculations.

3. Existing road with major improvements proposed – includes those existing roads that
will receive an expanded footprint (i.e., post construction impervious surface exceeds
pre construction impervious surface after widening road) in order to prepare the road
for use to support the project. These roads are included in the VRRM calculations.

4. New road – includes roads not located within the limits of an existing road. These
roads are included in the VRRM calculations.

In addition to the permanent pipeline ROW, only permanent access roads within existing roads
with major improvements proposed and new road categories (Condition #3 and #4) were
analyzed for water quality via VRRM calculations.

Table 3. Post development classification for permanent pipeline ROW, permanent access roads, and
appurtenant structures for use of DEQ’s VRRM spreadsheets.

Pre Development Land Cover Post Construction Condition

Description of Proposed Condition VRRM Land Use/Cover

Forested/Open Space Pipeline ROW Forest/Open Space

Forested/Open Space Access Road (16’ road) Impervious

Forested/Open Space Access Road (shoulder) Managed Turf

Forested/Open Space Appurtenant Structures Impervious

Managed Turf Pipeline ROW Managed Turf

Pasture1, Cropland1, or
Harvested/Disturbed1 Pipeline ROW Pasture1, Cropland1, or

Harvested/Disturbed1, respectively

Managed Turf (Pasture, Cropland,
or Harvested/Disturbed) Access Road (16’ Road) Impervious

Managed Turf (Pasture, Cropland,
or Harvested/Disturbed Access
Road)

Access Road (shoulder)
Managed Turf

Managed Turf Access Road (16’ road) Impervious

Managed Turf Access Road (shoulder) Managed Turf

Managed Turf Appurtenant Structures Impervious

Impervious Pipeline ROW Impervious2

Impervious Access Road (16’ road) Impervious2

Impervious Access Road (shoulder) Impervious2

Impervious Appurtenant Structures Impervious
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1Pre construction agricultural areas are returned to their original pre development condition consistent
with 9VAC25 870 300
2Impervious land cover to be returned to pre construction condition per 2017 DETI Standards and
Specifications.

3.2.3 Re Development and New Development Areas
Each access road segment and/or ROW segment within the same HUC 12 watershed, herein
referred to as a “project,” was classified as either “re development” or “new development” for
the purpose of utilizing the VRRM spreadsheets. The VRRM spreadsheets calculate the TP load
reduction requirement specific to each project within the spread, but varies based on whether
the project is considered to be new development or re development.

Re development areas are defined as “lands that have been previously utilized for residential,
commercial, industrial, institutional, recreation, transportation or utility facilities or structures,
and that will have the impervious areas associated with those uses altered during a land
disturbing activity” (9VAC25 870 10). Re development areas are evaluated using the DEQ
“VRRM Re Development Compliance Spreadsheet Version 3.0” and new development areas
are evaluated using the DEQ “VRRM New Development Compliance Spreadsheet Version 3.0”.

Consequently, the remaining areas are located on undeveloped lands and are evaluated using
the DEQ “VRRM New Development Compliance Spreadsheet Version 3.0”.

This classification of re development or new development projects is determined on a case by
case basis for each project using professional engineering judgement, utilizing the VGIN land
cover, aerial imagery, hydrologic soil group (HSG) classification, and proposed conditions.

3.3 Off Site Compliance and Best Management Practices

3.3.1 Off site Compliance
For projects equal to or less than five (5) acres of land disturbing activity, if there are no locality
restrictions, such as sediment or nutrient total maximum daily load (TMDL) restrictions within
the project watershed area, nutrient credits can be purchased in the same or adjacent 4th
Order (8 digit) HUC as that of the project (9VAC25 870 69). If an adjacent 4th Order (8 digit)
HUC is used, it must be in the same basin/tributary as the project. If there are no local TMDL
restrictions, and where no Nutrient Credit Banks are located within the project’s 4th Order (8
digit) HUC or adjacent 4th Order (8 digit) HUC, nutrient credits may be purchased from any
Bank located within the same basin/tributary as the project. Net TP load calculated shall not
exceed the threshold of 0.41 lbs/ac yr for proposed conditions (9VAC25 870 63). In instances
where existing impervious areas such as access roads are to be improved during this linear
project, the post development TP load shall reduce to 20% below the predevelopment TP load.

If there are relevant TMDL restrictions, credit purchse will be coordinated with DEQ to ensure
that credits are purchased from a bank in the same or adjacent 4th Order (8 digit) HUC For
projects exceeding five (5) acres of land disturbing activity and have a nutrient credit limitation,
on site water quality BMPs shall be implemented unless pre construction coordination with
DEQ has been initiated for BMPs differing from those listed in 9VAC25 870 65 Subsection B.
SWPPP will be updated to include the BMP clearinghouse design if any permanent access roads
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require on site nutrient reduction methods.

3.3.2 Best Management Practices
In order to satisfy the water quality standards, phosphorus load reductions can be enhanced by
incorporating BMPs on site. BMPs such as grass channels4 or dry swales5 in accordance with the
Virginia Stormwater BMP Clearinghouse standards and specifications can be used to reduce
phosphorus loading in the Access Road ROWs. Due to the linear nature of the Access Road
ROW, the drainage ditches adjacent to the access roads can be converted to one (1) of these
BMPs where appropriate.

Grass channel nutrient load removal efficiencies are shown in Table 4. The TP load reduction
resulting from this BMP implementation shall be calculated using the VRRM spreadsheets for
each location. Grass channels must meet the minimum criteria outlined in Table 5 to qualify for
the indicated level of runoff reduction.

Table 4. Summary of Stormwater Functions Provided by Grass Channels1

4 VA DEQ Stormwater Design Specification No. 3. Version 1.9, March 1, 2011.
http://www.vwrrc.vt.edu/swc/documents/2013/DEQ%20BMP%20Spec%20No%203_GRASS%20CHANNELS_Final%
20Draft_v1 9_03012011.pdf
5 VA DEQ Stormwater Design Specification No. 10. Version 1.9, March 1, 2011.
http://www.vwrrc.vt.edu/swc/documents/2013/DEQ%20BMP%20Spec%20No%2010_DRY%20SWALE_Final%20Dr
aft_v1 9_03012011.pdf
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Table 5. Grass Channel Design Guidance

Dry swales are soil filtering systems that temporary store and then filter the desired treatment
volume. Unlike grass channels, dry swales have two (2) levels of design that differ in nutrient
removal efficiencies (see Table 6). The TP load reduction resulting from this BMP
implementation shall also be calculated with the VRRM spreadsheets for each location. Dry
swales must meet either Level 1 or Level 2 minimum criteria outlined in Table 7 to qualify for
the associated level of runoff reduction.

Table 6. Summary of Stormwater Functions Provided by Dry Swale
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Table 7. Dry Swale Design Criteria

4.0 RESULTS

The computation of the TP load reduction requirement is documented for each spread and
contains the following information:

Type of ROW (permanent pipeline ROW, and access road ROW) and associated
development type (new development or re development);

TP load reduction requirement;
Pre development and post development land cover referenced by VGIN class, VRRM

land cover category, and HSG classification (A, B, C, or D);
DEQ VRRM New Development Compliance Worksheets; and
DEQ VRRM Re Development Compliance Worksheets.

4.1 Right of Way
As discussed in the 2017 DETI Standards and Specifications for pipeline ROWs, there are no
expected improvements to existing runoff conditions if pre development conditions are
restored.

Under normal operating conditions, the post construction permanent ROW will be considered
“Forest/Open Space” land cover for VRRM water quality calculations per Section 4.3
Stormwater Quality Calculations of the Project Specific Standards and Specifications for Virginia
(PSS&S). As such, the ROW phosphorus loading will always be less than the 0.41 pounds per
acre per year maximum for new development, as shown in Table 8.
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Table 8. TP Load per acre based on VRRM Land Cover and HSG (lb TP/ac/yr)1

Soil Type A B C D Totals
Forest/Open Space 0.00 2.92 0.00 0.73 3.65
Managed Turf 0.00 0.00 0.00 0.00 0.00
Impervious Cover 0.00 0.00 0.00 0.00 0.00

1 Based on the following default values:
Annual rainfall for the state of Virginia = 43 inches
Target Rainfall Event = 1 inch
TP Event Mean Concentration (EMC) = 0

4.2 Access Roads
Areas with new impervious cover in the post construction permanent condition will satisfy the
Virginia water quality requirements through a combination the following options:

1. Phosphorus load reduction requirements will be met via offsite compliance options;6

2. Phosphorus load reduction requirements will be met via onsite BMPs and/or
incorporation of low impact design, such as installing a 3 foot managed turf swatch in
the middle of the access roads as part of a low impact design (Appendix 2); and

3. The pre construction non agricultural areas will result in low phosphorus loading (TP
load less than 0.41 lbs/ac yr), which will offset higher loading from new impervious
cover, resulting in a balance or load reduction for each project.

It is anticipated that the offsite compliance options for phosphorous load reduction
requirements will be addressed through the purchase of perpetual nutrient credits and/or
offset options pending the approval from the VSMP authority.

4.3 Sensitive Water Resources
In addition to the previously approved ACP sensitive resource plans (e.g., Supplemental Karst
Evaluation Plan), watersheds with proposed ACP permanent access road were evaluated for the
presence of sensitive resources, specifically Virginia exceptional state waters as well as
sediment and nutrient TMDLs. HUC 20700050702 and 20802010202 have Nutrient TMDLs and
HUC 30102050604 is identified as having an exceptional state water (Lake Drummond).

5.0 ACP COMPLIANCE SUMMARY

Under the required Annual Standards and Specifications Program, utilities are not required to
submit site specific ESC and SWM plans to DEQ for approval. However, as an additional
measure to ensure protection of state waters, DEQ has required the ACP and MVP projects to
submit their site specific ESC and SWM plans to DEQ for review and approval. This document,
combined with the SWPPP and additional White Paper addenda meet and in some instances
exceed the Virginia Stormwater Protection requirements.

6 9VAC25 870 69
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APPENDIX 1 TYPICAL DETAILS
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LOW IMPACT ACCESS ROAD DETAIL



LULC FIELD CHANGE CLARIFICATION



September 12, 2018

Land Use Land Cover and Field Change Clarification

1) Land uses identified in Appendix D: Pre-Development Land Cover and Appendix E: Post-

Development Land Cover currently under review by the DEQ for the Atlantic Coast Pipeline 

project are based on the Virginia Land Cover Data Product that is published by the DEQ and 

Virginia Geographic Information Network (VGIN).  This data, published in 2016, is based on 

aerial imagery captured between 2013 and 2015 under the Virginia Base Mapping Program 

and is classified based on revised Anderson classifications with a spatial resolution of one 

meter. This version of the data to be used for all mapping and calculations, which will not 

include any additional digitization (manual or automated) or update to the data products.  The 

current data is based on DEQ and VGIN publicly available data that is substantially 

equivalent to the current regulations and to revise the land cover for calculations will create 

minimal corresponding benefit. 

2) By agreement with DEQ, revisions may include additional or modified control measures 

identified in the field during construction and after coordination with the DEQ for significant 

field changes or deviations from the approved plans unless more protective or emergency 

situations arise. Minor, field-approved changes will be documented on the construction 

alignment sheets, site plans, and/or inspection reports.


